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PROBLEM TO BE SOLVED: To provide technique as to 
a Doppler type ultrasonic flowmeter allowing more 
precise flow measurement even when a measured value 
of a flow velocity distribution is dispersed. 
SOLUTION: This flowmeter is provided with an output 
operation monitor provided with a flow velocity 
distribution outputting means for outputting, on a screen, 
the flow distribution of a measured fluid in a measuring 
area, a central display means for displaying the center of 
a measured point in the measured fluid with respect to 
the flow velocity distribution displayed on the screen by 
the flow velocity distribution outputting means, and a 
divided distribution selecting means for making a user 
select one of flow velocity distributions divided into two 
using the central display as a boundary, to be output A 
flow rate computing means executes computation using 
the one divided distribution selected using the divided 
distribution selecting means, and executes multiplication 
by two to measure a flow rate of the measured fluid in 
the measuring area. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, 

A fluid velocity-distribution measurement means to receive the ultrasonic echo reflected from 
the measurement field among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in a measurement 
field, 

It is the Doppler type ultrasonic flowmeter equipped with a flow rate operation means to 
calculate the measured fluid flow in said measurement field, based on the velocity distribution of 
said measured fluid, 

A velocity-distribution output means to carry out the screen output of the velocity distribution 
of the measured fluid in a measurement field, 

A central display means to display the center of the point of measurement in a measured fluid to 
the velocity distribution in which the velocity-distribution output means carried out the screen 
output, 

It is halved bordering on the central display, and has a division distribution selection means in the 
velocity distribution outputted by which while makes division distribution selectable [ a user ], 
Said flow rate operation means is the Doppler type ultrasonic flowmeter to which it was 
presupposed that the measured fluid flow in said measurement field is measured by having 
chosen while using said division distribution selection means, and calculating and carrying out 
two times using division distribution. 
[Claim 2] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, 

A fluid velocity-distribution measurement means to receive the ultrasonic echo reflected from 
the measurement field among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in a measurement 
field, 

It is the Doppler type ultrasonic flowmeter equipped with a flow rate operation means to 
calculate the measured fluid flow in said measurement field, based on the velocity distribution of 
said measured fluid, 

A division distribution creation means to halve in the center of the point of measurement in a 
measured fluid, and to create two division distribution to the velocity distribution of the 
measured fluid in a measurement field, 

It has the automatic selection means which compares two created division distribution and 
makes automatic selection of the small division distribution of dispersion, 
Said flow rate operation means is the Doppler type ultrasonic flowmeter to which it was 
presupposed that the measured fluid flow in said measurement field is measured, when while 
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chose, it calculates and said automatic selection means carries out two times using division 

distribution. 

[Claim 3] 

A measured fluid equips an ultrasonic transmitting means with the frequency-selective setting 
device which chooses automatically the fundamental-frequency slack optimum frequency which 
produces a resonance-transparency phenomenon to the tube wall of flowing fluid piping, 
The ultrasonic transducer of an ultrasonic transmitting means is the Doppler type ultrasonic 
flowmeter according to claim 1 or 2 to which it was presupposed that said optimum frequency is 
oscillated. 
[Claim 4] 

It has the incident angle adjustment setting-out means which carries out adjustment setting out 
of whenever [ incident angle / of the ultrasonic pulse by which incidence is carried out into a 
measured fluid from an ultrasonic transducer ], 

The incident angle adjustment setting-out means is a Doppler type ultrasonic flowmeter given in 
either of claim 1 to claims 3 which enabled adjustment setting out of an ultrasonic transducer to 
fluid piping so that it might become whenever [ incident angle / which an ultrasonic pulse makes 
produce a resonance-transparency phenomenon to the tube wall of fluid piping ]. 
[Claim 5] 

An ultrasonic transducer is equipped with the transducer migration device to which the second 
transducer which the shaft orientations of fluid piping are made to estrange the first transducer 
and its first transducer, and is installed, and the first transducer and the second transducer are 
moved relatively, 

Said transducer migration device is a Doppler type ultrasonic flowmeter given in either claim 3 
carried out to making it move so that the ultrasonic pulse which the first transducer and the 
second transducer oscillate may intersect perpendicularly in the measurement field in fluid 
piping, or claim 4. 
[Claim 6] 

With the first reflected wave receiver and the second reflected wave receiver which receive the 
ultrasonic echo which is a reflected wave, respectively from the measurement field in fluid piping 
of the ultrasonic pulse oscillated from the first transducer and the second transducer 
A velocity-vector calculation means to compute the velocity vector of the direction of an 
ultrasonic measurement line, respectively from the reinforcement of the ultrasonic echo received 
with the first reflected wave receiver and the second reflected wave receiver, 
It has a rate-of-flow vector calculation means to compute the rate-of-flow vector of the fluid of 
each velocity vector computed with the velocity-vector calculation means measured [ vector 
quiet 1 

A fluid velocity-distribution measurement means measures a velocity distribution using said 
rate-of-flow vector, 

A flow rate operation means is the Doppler type ultrasonic flowmeter according to claim 5 to 
which it was presupposed that the measured fluid flow is calculated using the velocity 
distribution concerned. 
[Claim 7] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, A fluid velocity-distribution measurement means to receive the 
ultrasonic echo reflected from the measurement field among the ultrasonic pulses by which 
incidence was carried out to the fluid measured [ 1 and to measure the velocity distribution of 
the measured fluid in a measurement field, It is the flow rate measurement approach using the 
Doppler type ultrasonic flowmeter equipped with a flow rate operation means to calculate the 
measured fluid flow in said measurement field, based on the velocity distribution of said 
measured fluid, 

The velocity-distribution output procedure of carrying out the screen output of the velocity 
distribution of the measured fluid in a measurement field, 

The central display procedure which displays the center of the point of measurement in a 
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measured fluid to the velocity distribution by which the screen output was carried out in the 
velocity-distribution output procedure, 

It is halved bordering on the display of the center by the central display procedure, and has the 
division distribution selection procedure in the velocity distribution outputted in which while 
makes division distribution selectable [ a user ] f 

Said flow rate operation means is the flow rate measurement approach to which it was 
presupposed that the measured fluid flow in said measurement field is measured, when while 
chose, it calculates and a user does two times using division distribution using said division 
distribution selection procedure. 
[Claim 8] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, 

A fluid velocity-distribution measurement means to receive the ultrasonic echo reflected from 
the measurement field among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in a measurement 
field, 

It is the flow rate measurement approach using the Doppler type ultrasonic flowmeter equipped 
with a flow rate operation means to calculate the measured fluid flow in said measurement field, 
based on the velocity distribution of said measured fluid, 

The division distribution creation procedure which halves in the center of the point of 
measurement in a measured fluid, and creates two division distribution to the velocity 
distribution of the measured fluid in a measurement field, 

It has the automatic selection procedure which compares two created division distribution and 

makes automatic selection of the small division distribution of dispersion, 

Said flow rate operation means is the flow rate measurement approach to which it was 

presupposed that the measured fluid flow in said measurement field is measured by having 

chosen while in said automatic selection procedure, and calculating and carrying out two times 

using division distribution. 

[Claim 9] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, 

A fluid velocity-distribution measurement means to receive the ultrasonic echo reflected from 
the measurement field among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in a measurement 
field, 

It is a flow rate measurement program using the Doppler type ultrasonic flowmeter equipped with 
a flow rate operation means to calculate the measured fluid flow in said measurement field, 
based on the velocity distribution of said measured fluid, 

The program is the velocity-distribution output procedure of carrying out the screen output of 
the velocity distribution of the measured fluid in a measurement field, 
The central display procedure which displays the center of the point of measurement in a 
measured fluid to the velocity distribution by which the screen output was carried out in the 
velocity-distribution output procedure, 

While being halved bordering on the display of the center by the central display procedure and 
making a computer perform the division distribution selection procedure in the velocity 
distribution outputted in which while makes division distribution selectable [ a user ], 
The program for flow rate measurement carried out to making the measured fluid flow in said 
measurement field measure when while chose, it calculates and a user does two times to the 
flow rate operation means of said Doppler type ultrasonic flowmeter using division distribution 
using said division distribution selection procedure. 
[Claim 10] 

The ultrasonic transmitting means to which incidence of the ultrasonic pulse of a necessary 
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frequency is carried out into the measured fluid in fluid piping along with a measurement line 
from an ultrasonic transducer, 

A fluid velocity-distribution measurement means to receive the ultrasonic echo reflected from 
the measurement field among the ultrasonic pulses by which incidence was carried out to the 
measured fluid, and to measure the velocity distribution of the measured fluid in a measurement 
field, 

It is a flow rate measurement program using the Doppler type ultrasonic flowmeter equipped with 
a flow rate operation means to calculate the measured fluid flow in said measurement field, 
based on the velocity distribution of said measured fluid, 

The program is a division distribution creation procedure which halves in the center of the point 
of measurement in a measured fluid, and creates two division distribution to the velocity 
distribution of the measured fluid in a measurement field, 

While making a computer perform the automatic selection procedure which compares two 
created division distribution and makes automatic selection of the small division distribution of 
dispersion, 

The program for flow rate measurement to which it was presupposed that the measured fluid 
flow in said measurement field is measured by having chosen while in said automatic selection 
procedure, and calculating and carrying out two times to the flow rate operation means of said 
Doppler type ultrasonic flowmeter using division distribution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique relevant to the Doppler type 
ultrasonic flowmeter and it which can measure the measured fluid flow by the time-dependent 
from the velocity distribution of a measurement field in an instant. 
[0002] 

[Description of the Prior Art] 

even if it is the flow of an unstationary state in JP,2000-97742,A — a time-dependent — 
accuracy — precision — the measurable Doppler type ultrasonic flowmeter is indicated by non- 
contact [ high ]. 

The Doppler type ultrasonic flowmeter indicated here makes the following configurations. That is, 
the ultrasonic echo reflected from a measurement field among an ultrasonic transmitting means 
carry out incidence of the ultrasonic pulse of a necessary frequency into a measured fluid along 
with a measurement line from an ultrasonic transducer, and the ultrasonic pulse by which 
incidence was carried out to the measured fluid receives, and it has a fluid velocity-distribution 
measurement means measure the velocity distribution of the measured fluid in a measurement 
field, and a flow rate operation means perform an integration operator based on the velocity 
distribution of the above-mentioned measured fluid. And a flow rate operation means measures a 
flow rate based on the velocity distribution of the measured fluid in a measurement field. 
[0003] 

This Doppler type ultrasonic flowmeter measures the velocity distribution of the measured fluid 
which flows the inside of piping, and is excellent in responsibility in the flow rate of the transient 
changed in time. Moreover, the measured fluid flow can be efficiently measured with a sufficient 
precision in an instant also just behind the location where the part where the flow of a fluid is 
not fully developed, and flow are three dimensions, for example, piping bent like elbow piping or U 
character-like reversal piping. In comparison with the ultrasonic flowmeter currently offered 
before it, even if there is "no flow rate correction factor" deduced from the experimental value, 
the experience value, etc., there is the description that exact measurement is possible, and it is 
evaluated greatly. 
[0004] 

[Problem(s) to be Solved by the Invention] 

Now, the above-mentioned Doppler type ultrasonic flowmeter is premised on the existence of an 
ultrasonic echo reflected by the air bubbles contained in the measured fluid, and the solid. For 
this reason, when the flow of a measured fluid is very unstable, the consistency difference of air 
bubbles etc. may become a cause and dispersion may arise in the measured value of a velocity 
distribution. When dispersion arises in flow rate distribution, the operation of a flow rate is also 
influenced. 
[0005] 

Even if the technical problem which this invention tends to solve is the case where dispersion 
arises in the measured value of a velocity distribution, it is offering the technique about the 
Doppler type ultrasonic flowmeter which makes more precise hydrometry possible. 
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Even if it is the case where dispersion produces the object of invention according to claim 6 
from claim 1 in the measured value of a velocity distribution, it is in offering the Doppler type 
ultrasonic flowmeter which makes more precise hydrometry possible. 

Moreover, even if claim 7 and the object of invention according to claim 8 are the cases where 
dispersion arises in the measured value of a velocity distribution, they are to offer the measuring 
method by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible. 

Moreover, even if claim 9 and the object of invention according to claim 10 are the cases where 
dispersion arises in the measured value of a velocity distribution, they are to offer the program 
for hydrometry by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible. 
[0006] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the following invention is indicated in 
this application. 
[0007] 
(Claim 1) 

The ultrasonic transmitting means to which invention according to claim 1 carries out incidence 
of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping along with 
a measurement line from an ultrasonic transducer, A fluid velocity-distribution measurement 
means to receive the ultrasonic echo reflected from the measurement field among the ultrasonic 
pulses by which incidence was carried out to the measured fluid, and to measure the velocity 
distribution of the measured fluid in a measurement field, Based on the velocity distribution of 
said measured fluid, the Doppler type ultrasonic flowmeter equipped with a flow rate operation 
means to calculate the measured fluid flow in said measurement field is started. Namely, a 
velocity-distribution output means to carry out the screen output of the velocity distribution of 
the measured fluid in a measurement field, A central display means to display the center of the 
point of measurement in a measured fluid to the velocity distribution in which the velocity- 
distribution output means carried out the screen output, It is halved bordering on the central 
display, and has a division distribution selection means in the velocity distribution outputted by 
which while makes division distribution selectable [ a user ]. Said flow rate operation means It is 
the Doppler type ultrasonic flowmeter to which it was presupposed that the measured fluid flow 
in said measurement field is measured by having chosen while using said division distribution 
selection means, and calculating and carrying out two times using division distribution. 
[0008] 

(Vocabulary explanation) 

When a "flow rate operation means" sets a flow rate to m (t), 
[Equation 1] 



m(0 - pjv(x • tydA ( 1 ) 



v(x-t) : mmt \Z&VZ&&j$ft (x^f&j) 



It is a means to perform ******. 

Moreover, flowing flow rate [ of time amount t ] m (t) can rewrite fluid piping from the above- 
mentioned formula (1) to a degree type. 
[Equation 2] 
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m(t) - pff™(r • 0 - ty r • dr- dO ( 2 ) 



fiUvx(r-0-t) : R#Figt C £{* £ K^«t Brffl±© & mm r , 



[0009] 
(Operation) 

First, an ultrasonic transmitting means carries out incidence of the ultrasonic pulse of a 
necessary frequency into the measured fluid in fluid piping along with a measurement line from 
an ultrasonic transducer. The ultrasonic pulse by which incidence was carried out to the 
measured fluid will be reflected if air bubbles, a solid, etc. which flow the inside of a measured 
fluid are collided with. The ultrasonic echo reflected from the measurement field among the 
reflected ultrasonic pulses is received, and a fluid velocity-distribution measurement means 
measures the velocity distribution of the measured fluid in a measurement field using the 
Doppler effect. 

Then, a velocity-distribution output means carries out the screen output of the velocity 
distribution of the measured fluid in a measurement field. A central display means displays the 
center of the point of measurement in a measured fluid to the velocity distribution in which the 
velocity-distribution output means carried out the screen output. And while makes division 
distribution selectable [ a user ] in the velocity distribution which a division distribution selection 
means is halved bordering on the display of the center by the central display means, and is 
outputted. A flow rate operation means measures the measured fluid flow in said measurement 
field by having chosen while using said division distribution selection means, and calculating and 
carrying out two times using division distribution. 

According to the above Doppler type ultrasonic flowmeters, even if it is the case where 
dispersion arises in the measured value of a velocity distribution, a velocity distribution is 
divided, a user chooses better division distribution, and in order to make the operation of 
carrying out two times using the velocity distribution of the selected one half perform, it 
becomes possible about more precise hydrometry. 
[0010] 
(Claim 2) 

The points that invention according to claim 2 chooses automatically selection of the division 
distribution which invention concerning claim 1 had left to the user differ. 

Namely, a division distribution creation means to halve in the center of the point of measurement 
in a measured fluid, and to create two division distribution to the velocity distribution of the 
measured fluid in a measurement field, It has the automatic selection means which compares two 
created division distribution and makes automatic selection of the small division distribution of 
dispersion. Said flow rate operation means When while chose, it calculates and said automatic 
selection means carries out two times using division distribution, the Doppler type ultrasonic 
flowmeter to which it was presupposed that the measured fluid flow in said measurement field is 
measured is started. 
[0011] 

(Vocabulary explanation) 

A "automatic selection means" contains the algorithm of point of measurement being carried out 
smoothly using techniques, such as spline processing, and choosing small division distribution of 
meandering width of face or the continuity of the point of measurement for example, in a 
measured fluid chooses the division distribution at which even the piping wall is maintained. 
[0012] 

To the velocity distribution of the measured fluid in a measurement field, a division distribution 
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creation means halves in the center of the point of measurement in a measured fluid, and 
creates two division distribution. And an automatic selection means compares two created 
division distribution, and makes automatic selection of the small division distribution of 
dispersion. A flow rate operation means measures the measured fluid flow in said measurement 
field, when while chose, it calculates and an automatic selection means carries out two times 
using division distribution. 

According to the above Doppler type ultrasonic flowmeters, even if it is the case where 
dispersion arises in the measured value of a velocity distribution, a velocity distribution is 
divided, better division distribution is chosen automatically, and in order to make the operation of 
carrying out two times using the velocity distribution of the selected one half perform, it 
becomes possible about more precise hydrometry. 
[0013] 
(Claim 3) 

Invention according to claim 3 limits a Doppler type ultrasonic flowmeter according to claim 1 or 
2. That is, it has the frequency complement setting device with which a measured fluid chooses 
automatically as an ultrasonic transmitting means the fundamental-frequency slack optimum 
frequency which produces a resonance-transparency phenomenon to the tube wall of flowing 
fluid piping, and the ultrasonic transducer of an ultrasonic transmitting means starts the Doppler 
type ultrasonic flowmeter to which it was presupposed that said optimum frequency is oscillated. 

[0014] 

(The first variation) 

A "frequency-selective setting device" chooses optimum frequency as follows, for example. 
That is, the integral multiple and the measured fluid of the half-wave length of the ultrasonic 
pulse to set up choose automatically the frequency to which the wall thickness of flowing fluid 
piping becomes equal as optimum frequency. When the wall thickness of fluid piping carries out 
the integral multiple of the half-wave length of the fundamental frequency of a supersonic wave, 
the transparency property of a supersonic wave is based on having carried out the knowledge of 
the dramatically high thing. 
[001 5] 

(The second variation) 

Moreover, the amplifier for an oscillation which makes a "frequency complement setting device" 
oscillate the supersonic wave of a necessary oscillation frequency from an ultrasonic transducer, 
The oscillation frequency ac(justable equipment which adjusts the oscillation frequency of the 
amplifier for an oscillation, and a frequency-domain setting-out means to operate the oscillation 
frequency adjustable equipment in the frequency domain specified beforehand, It is also possible 
to have an ultrasonic receiving means to receive the ultrasonic echo reflected from the 
measurement field in fluid piping among the ultrasonic pulses oscillated from said ultrasonic 
transducer, and a reflected wave on-the-strength extract means to extract and memorize the 
reinforcement of the ultrasonic echo which received. 

In the case of the Doppler type ultrasonic flowmeter equipped with these means, there is an 

advantage that the time and effort concerning the preparation which performs optimal 

measurement can be mitigated, or the data for improvement amelioration or optimization can be 

stored. 

[0016] 

(Operation) 

A frequency-selective setting device chooses automatically the fundamental-frequency slack 
optimum frequency which a measured fluid makes produce a resonance-transparency 
phenomenon to the tube wall of flowing fluid piping. The ultrasonic transducer of an ultrasonic 
transmitting means oscillates the optimum frequency chosen automatically. Since optimum 
frequency is chosen automatically, it becomes the Doppler type ultrasonic flowmeter which is 
easy to use for a user. 
[001 7] 
(Claim 4) 
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Invention according to claim 4 limits the Doppler type ultrasonic flowmeter of a publication to 
either of claim 1 to claims 3. 

That is, it has the incident angle adjustment setting-out means which carries out adjustment 
setting out of whenever [ incident angle / of the ultrasonic pulse by which incidence is carried 
out into a measured fluid from an ultrasonic transducer 1 and it starts to the Doppler type 
ultrasonic flowmeter which carried out to fluid piping in the ultrasonic transducer as adjustment 
setting out is possible so that the incident angle adjustment setting-out means may serve as 
whenever [ incident angle / which an ultrasonic pulse makes produce a resonance-transparency 
phenomenon to the tube wall of fluid piping ]. 
[0018] 
(Operation) 

An angle-of-incidence ac(justment setting-out means carries out adjustment setting out of the 
incidence include angle of the ultrasonic pulse by which incidence is carried out into a measured 
fluid from an ultrasonic transducer. The adjustment performs an ultrasonic transducer to fluid 
piping so that it may become whenever [ angle-ofHncidence / which an ultrasonic pulse makes 
produce a resonance-transparency phenomenon to the tube wall of fluid piping ]. The ultrasonic 
pulse which is easy to penetrate can be oscillated by this. 
[0019] 
(Claim 5) 

Invention according to claim 5 limits the Doppler type ultrasonic flowmeter of a publication to 
either claim 3 or claim 4. 

Namely, the second transducer which an ultrasonic transducer makes the shaft orientations of 
fluid piping estrange the first transducer and its first transducer, and is installed, It has the 
transducer migration device to which the first transducer and the second transducer are moved 
relatively. Said transducer migration device The Doppler type ultrasonic flowmeter carried out to 
making it move so that the ultrasonic pulse which the first transducer and the second 
transducer oscillate may intersect perpendicularly in the measurement field in fluid piping is 
started. 
[0020] 
(Operation) 

The shaft orientations of fluid piping are made to estrange the first transducer and it, and the 

second transducer is installed. A transducer migration device can be moved so that the 

ultrasonic pulse which the first transducer and the second transducer oscillate may intersect 

perpendicularly in the measurement field in fluid piping. Therefore, it installs to the optimal 

location of two transducers, and the optimal ultrasonic pulse can be oscillated. 

The shaft orientations of fluid piping are made to estrange, and according to two transducers 

located so that an oscillation pulse might intersect perpendicularly, even if the flow which is not 

parallel to the shaft orientations of fluid piping exists, a more exact velocity distribution is 

computable. 

[0021] 

(Claim 6) 

Invention according to claim 6 limits a Doppler type ultrasonic flowmeter according to claim 5. 
With namely, the first reflected wave receiver and the second reflected wave receiver which 
receive the ultrasonic echo which is a reflected wave, respectively from the measurement field 
in fluid piping of the ultrasonic pulse oscillated from the first transducer and the second 
transducer A velocity-vector calculation means to compute the velocity vector of the direction 
of an ultrasonic measurement line, respectively from the reinforcement of the ultrasonic echo 
received with the first reflected wave receiver and the second reflected wave receiver, It has a 
rate-of-flow vector calculation means to compute the rate-of-flow vector of the fluid of each 
velocity vector computed with the velocity-vector calculation means measured [ vector quiet ]. 
A fluid velocity-distribution measurement means measures a velocity distribution using said 
rate-of-flow vector, and a flow rate operation means starts the Doppler type ultrasonic 
flowmeter to which it was presupposed that the measured fluid flow is calculated using the 
velocity distribution concerned. 
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If it puts in another way, in order to compute a more exact velocity distribution and a more exact 

flow rate from the ultrasonic echo by the ultrasonic pulse which the first transducer and the 

second transducer oscillate in addition to the requirements for a configuration of a Doppler type 

ultrasonic flowmeter according to claim 5, it has a rate-ofHlow vector calculation means to once 

compute the rate-ofHlow vector etc. 

[0022] 

(Operation) 

The first reflected wave receiver and the second reflected wave receiver receive the ultrasonic 
echo which is a reflected wave, respectively from the measurement field in fluid piping of the 
ultrasonic pulse oscillated from the first transducer and the second transducer. Then, a velocity- 
vector calculation means computes the velocity vector of the direction of an ultrasonic 
measurement line, respectively from the reinforcement of the ultrasonic echo received with the 
first reflected wave receiver and the second reflected wave receiver. And the rate-of-flow 
vector calculation means computes the rate-of-flow vector of a measured fluid from the vector 
sum of each computed velocity vector. 

A fluid velocity-distribution measurement means measures a velocity distribution using said 
rate-of-flow vector, and a flow rate operation means calculates the measured fluid flow using 
the velocity distribution concerned. 
[0023] 

(Claim 7) The ultrasonic transmitting means to which invention according to claim 7 carries out 
incidence of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping 
along with a measurement line from an ultrasonic transducer, A fluid velocity-distribution 
measurement means to receive the ultrasonic echo reflected from the measurement field among 
the ultrasonic pulses by which incidence was carried out to the measured fluid, and to measure 
the velocity distribution of the measured fluid in a measurement field, It is the flow rate 
measurement approach using the Doppler type ultrasonic flowmeter equipped with a flow rate 
operation means to calculate the measured fluid flow in said measurement field, based on the 
velocity distribution of said measured fluid. 

Namely, the velocity-distribution output procedure of carrying out the screen output of the 
velocity distribution of the measured fluid in a measurement field, The central display procedure 
which displays the center of the point of measurement in a measured fluid to the velocity 
distribution by which the screen output was carried out in the velocity-distribution output 
procedure, It is halved bordering on the display of the center by the central display procedure, 
and has the division distribution selection procedure in the velocity distribution outputted in 
which while makes division distribution selectable [ a user ]. Said flow rate operation means is 
the flow rate measurement approach to which it was presupposed that the measured fluid flow in 
said measurement field is measured, when while chose, it calculates and a user does two times 
using division distribution using said division distribution selection procedure. 
[0024] 
(Claim 8) 

The ultrasonic transmitting means to which invention according to claim 8 also carries out 
incidence of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping 
along with a measurement line from an ultrasonic transducer, A fluid velocity-distribution 
measurement means to receive the ultrasonic echo reflected from the measurement field among 
the ultrasonic pulses by which incidence was carried out to the measured fluid, and to measure 
the velocity distribution of the measured fluid in a measurement field, Based on the velocity 
distribution of said measured fluid, the flow rate measurement approach using the Doppler type 
ultrasonic flowmeter equipped with a flow rate operation means to calculate the measured fluid 
flow in said measurement field is started. 

Namely, the division distribution creation procedure which halves in the center of the point of 
measurement in a measured fluid, and creates two division distribution to the velocity 
distribution of the measured fluid in a measurement field, It has the automatic selection 
procedure which compares two created division distribution and makes automatic selection of 
the small division distribution of dispersion. Said flow rate operation means It is the flow rate 
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measurement approach to which it was presupposed that the measured fluid flow in said 
measurement field is measured by having chosen while in said automatic selection procedure, 
and calculating and carrying out two times using division distribution. 
[0025] 
(Claim 9) 

The ultrasonic transmitting means to which invention according to claim 9 carries out incidence 
of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping along with 
a measurement line from an ultrasonic transducer, A fluid velocity-distribution measurement 
means to receive the ultrasonic echo reflected from the measurement field among the ultrasonic 
pulses by which incidence was carried out to the measured fluid, and to measure the velocity 
distribution of the measured fluid in a measurement field, Based on the velocity distribution of 
said measured fluid, the program for flow rate measurement using the Doppler type ultrasonic 
flowmeter equipped with a flow rate operation means to calculate the measured fluid flow in said 
measurement field is started. 

The velocity-distribution output procedure of carrying out the screen output of the velocity 
distribution of a measured fluid [ in / in the program / a measurement field 1 The central display 
procedure which displays the center of the point of measurement in a measured fluid to the 
velocity distribution by which the screen output was carried out in the velocity-distribution 
output procedure, Are halved bordering on the display of the center by the central display 
procedure, and while making a computer perform the division distribution selection procedure in 
the velocity distribution outputted in which while makes division distribution selectable [ a user ] 
When while chose, it calculates and a user does two times to the flow rate operation means of 
said Doppler type ultrasonic flowmeter using division distribution using said division distribution 
selection procedure, it is the program for flow rate measurement carried out to making the 
measured fluid flow in said measurement field measure. 
[0026] 
(Claim 10) 

The ultrasonic transmitting means to which invention according to claim 10 also carries out 
incidence of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping 
along with a measurement line from an ultrasonic transducer, A fluid velocity-distribution 
measurement means to receive the ultrasonic echo reflected from the measurement field among 
the ultrasonic pulses by which incidence was carried out to the measured fluid, and to measure 
the velocity distribution of the measured fluid in a measurement field, Based on the velocity 
distribution of said measured fluid, the program for flow rate measurement using the Doppler 
type ultrasonic flowmeter equipped with a flow rate operation means to calculate the measured 
fluid flow in said measurement field is started. 

As opposed to the velocity distribution of a measured fluid [ in / in the program / a 
measurement field ] The division distribution creation procedure which halves in the center of 
the point of measurement in a measured fluid, and creates two division distribution, While making 
a computer perform the automatic selection procedure which compares two created division 
distribution and makes automatic selection of the small division distribution of dispersion It is the 
program for flow rate measurement to which it was presupposed that the measured fluid flow in 
said measurement field is measured by having chosen while in said automatic selection 
procedure, and calculating and carrying out two times to the flow rate operation means of said 
Doppler type ultrasonic flowmeter, using division distribution. 
[0027] 

The computer program concerning claim 9 and claim 10 can be stored in a record medium, and 
can also be offered. Here, a "record medium" is a medium which can support with itself the 
program which cannot occupy space, for example, is a flexible disk, a hard disk, CD-ROM, MO 
(magneto-optic disk), DVD-ROM, PD, etc. 

Moreover, it is also possible to transmit to other computers through a communication line from 
the computer which stored the program concerning these invention. 

In addition, it is also possible to form the Doppler type ultrasonic flowmeter equipped with the 
function concerning claim 1 grade by pre-installing or downloading the program which can attain 
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each above means to the Doppler type ultrasonic flowmeter equipped with the general-purpose 

computer. 

[0028] 

[Embodiment of the Invention] 

The gestalt of operation of the Doppler type ultrasonic flowmeter concerning this invention is 
explained making an accompanying drawing refer to. The drawings used here are draw ing 1 
thru/or drawing 12 . Drawing 1 and drawing 2 are the conceptual diagrams showing the 
configuration of the operation gestalt concerning the invention in this application. Drawing 3 and 
drawing 4 are drawings showing the concrete screen output of a configuration of making the 
nucleus of the invention in this application. It is drawing for drawing 1 2 to explain a concrete 
hardware configuration, a measurement principle, the example of an experiment, etc. from 
drawing 5 . 
[0029] 

( Drawing 1 ) 

The user to whom the measured fluid which measures a flow rate using the Doppler type 
ultrasonic flowmeter concerning this operation gestalt and its Doppler type ultrasonic flowmeter 
uses flowing fluid piping, the output monitor attached to a Doppler type ultrasonic flowmeter and 
a manual operating device, and a Doppler type ultrasonic flowmeter for drawing 1 is illustrated. 
The ultrasonic transmitting means to which a Doppler type ultrasonic flowmeter carries out 
incidence of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping 
along with a measurement line from an ultrasonic transducer, A fluid velocity-distribution 
measurement means to receive the ultrasonic echo reflected from the measurement field among 
the ultrasonic pulses by which incidence was carried out to the measured fluid, and to measure 
the velocity distribution of the measured fluid in a measurement field, It is the Doppler type 
ultrasonic flowmeter equipped with a flow rate operation means to calculate the measured fluid 
flow in said measurement field, based on the velocity distribution of said measured fluid. In 
addition, since the formula (1) and the formula (2) show, the operation technique in a flow rate 
operation means is omitted. 

The output monitor and the manual operating device are making the following configurations. 
That is, it has a velocity-distribution output means carry out the screen output of the velocity 
distribution of the measured fluid in a measurement field, a central display means display the 
center of the point of measurement in a measured fluid to the velocity distribution in which the 
velocity-distribution output means carried out the screen output, and the division distribution 
selection means in the velocity distribution halved and outputted bordering on the central display 
that make division distribution selectable [ a user ]. 
[0030] 

Hereafter, actuation of a Doppler type ultrasonic flowmeter is explained based on drawing 1 . 
first The ultrasonic transducer in an ultrasonic transmitting means carries out incidence of the 
ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping along with a 
measurement line. The ultrasonic pulse by which incidence was carried out to the measured fluid 
will be reflected if air bubbles, a solid, etc. which flow the inside of a measured fluid are collided 
with. The ultrasonic echo reflected from the measurement field among the reflected ultrasonic 
pulses is received, and a fluid velocity-distribution measurement means measures the velocity 
distribution of the measured fluid in a measurement field using the Doppler effect. 
Then, a velocity-distribution output means carries out the screen output of the velocity 
distribution of the measured fluid in a measurement field. A central display means displays the 
center of the point of measurement in a measured fluid to the velocity distribution in which the 
velocity-distribution output means carried out the screen output. And while makes division 
distribution selectable [ a user ] in the velocity distribution which a division distribution selection 
means is halved bordering on the display of the center by the central display means, and is 
outputted. A flow rate operation means measures the measured fluid flow in said measurement 
field by having chosen while using said division distribution selection means, and calculating and 
carrying out two times using division distribution. 
[0031] 
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( Drawing 3 and drawing 4 ) 

Dra wing 3 and drawing 4 are the screens which showed concretely the "output monitor & manual 
operating device" in drawing 1 , and were outputted to the monitor of a computer. 
A "velocity-distribution output means" is located in the middle of the screen of drawing 3 . 
Namely, the graph which plotted point of measurement is outputted by using an axis of abscissa 
as a tube diameter, using an axis of ordinate as the rate of flow. In this example of an output, it 
is being displayed that the "central display means" borders on 160.87 millimeters for fluid piping 
of 313.26 millimeters of tube diameters. 

The "division display means" is prepared for the lower left of a screen. This is for making a user 
choose either "Near" or "Far" and "diameter." "Near" is left-hand side [ means / central 
display ] from an ultrasonic transducer in a near location, i.e., a screen. Moreover, with "Far", it 
is a thing on the right of a central display means in a location distant from an ultrasonic 
transducer, i.e., a screen. When either "Near" or "Far" is chosen, the measured fluid flow is 
measured by [ while it was chosen ] carrying out an integration operator using division 
distribution, and carrying out the two times of it. 

In this drawing 3 , the user has chosen "Near." It is because the velocity distribution is ready 

compared with "Far." 

[0032] 

In drawing 4 , it is being displayed that the "central display means" borders on 156.46 millimeters 

for fluid piping of 308.93 millimeters of tube diameters. And the user has chosen "Far" here. 

In addition, when a user chooses "diameter", an integration operator is carried out using division 

distribution of both "Near" and "Far." 

[0033] 

( Drawin g 2 ) 

Then, the operation gestalt shown in drawing 2 is explained. 

Suppose that it is not made to choose to a user but the operation gestalt shown in drawing 2 is 
chosen automatically. Therefore, to the user, since it is unnecessary in the output for selection, 
it has "velocity-distribution division equipment" instead of being an "output monitor & manual 
operating device." 

This velocity-distribution division equipment has a division distribution creation means halves in 
the center of the point of measurement in a measured fluid to the velocity distribution of the 
measured fluid in a measurement field so that it may illustrate, and create two division 
distribution, and an automatic selection means compare two created division distribution and 
make automatic selection in small division distribution of dispersion. And the flow rate operation 
means of a Doppler type ultrasonic flowmeter measures the measured fluid flow in said 
measurement field, when while chose, it calculates and said automatic selection means carries 
out two times using division distribution. Even if it is the case where dispersion arises in the 
measured value of a velocity distribution, a velocity distribution is divided, better division 
distribution is chosen automatically, and in order to make the operation of carrying out two times 
using the velocity distribution of the selected one half perform, it becomes possible about more 
precise hydrometry. [0034] 

In addition, it is also possible to offer the Doppler type ultrasonic flowmeter which combined with 
the operation gestalt shown in drawing 1 , and prepared two kinds of the selections and 
automatic selections by the user. When a user does not choose in the case of such an operation 
gestalt, the menu of choosing better division distribution automatically can be prepared. 
[0035] 

Hereafter, a Doppler type ultrasonic flowmeter is explained to a detail using drawing 12 from 
drawin g 5 . 

The Doppler type ultrasonic flowmeter 10 shown in drawing 5 measures the velocity distribution 
of the measured fluid 12 (a liquid and gas) which flows the inside of the fluid piping 11, can 
measure a flow rate by the time-dependent in an instant, and is equipped with the ultrasonic 
velocity-distribution measurement unit (henceforth a Udflow unit) 13 which measures the rate of 
flow of the measured fluid 12 which flows the inside of piping 1 1 by non-contact. An ultrasonic 
transmitting means 15 by which the Udflow unit 13 makes the ultrasonic pulse of a necessary 
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frequency (fundamental frequency fO) transmit to the measured fluid 12 along with the 
measurement line ML, A fluid velocity-distribution measurement means 16 to receive the 
ultrasonic echo reflected from the measurement field of the ultrasonic pulse by which incidence 
was carried out to the measured fluid 12, and to measure the velocity distribution of the 
measured fluid 12 in a measurement field, The computers 17, such as a microcomputer as a flow 
rate operation means to carry out data processing based on the velocity distribution of the 
measured fluid 12, to integrate with radial, and to calculate the flow rate of the measured fluid 12 
by the time-dependent, and CPU, MPU, It has a frequency-selective setting-out means 19 to 
select automatically the supersonic wave which is the optimum frequency of the measured fluid 
12 which flows the display 18 which can be displayed serially, and the inside of the fluid piping 1 1 
in the output from this computer 17. 
[0036] 

The ultrasonic transmitting means 15 has the ultrasonic transducer 20 which oscillates the 
ultrasonic pulse of a necessary frequency, and the amplifier 21 for excitation as a signal 
generator which makes this ultrasonic transducer 20 excite. The amplifier 21 for excitation is 
equipped with the oscillator (oscillator) 23 made to generate the electrical signal of the 
necessary fundamental frequency fO, and the emitter 24 (frequency Frpf) which outputs the 
electrical signal from this oscillator 23 in the shape of a pulse to predetermined every time 
interval (1-/Frpf). And the pulse electrical signal of the necessary fundamental frequency fO is 
inputted into the ultrasonic transducer 20 from the amplifier 21 for excitation which is this signal 
generator. 
[0037] 

The ultrasonic pulse of fundamental frequency fO is made to oscillate the ultrasonic transducer 
20 along with the measurement line ML by impression of a pulse electrical signal. An ultrasonic 
pulse is a beam of rectilinear-propagation nature which has almost no flare with the pulse width 
of about 5mm. 

The ultrasonic transducer 20 serves as the transceiver machine, and the ultrasonic transducer 
20 receives the ultrasonic echo in which the oscillated ultrasonic pulse is reflected in the 
reflector in a fluid. A reflector is a foreign matter with which it is the air bubbles uniformly 
contained in the measured fluid 12, or is particle, such as impalpable powder of aluminum, or 
acoustic impedances differ in the measured fluid 1 2 here. 
[0038] 

It is received by the reflected wave receiver 27 and the ultrasonic echo received by the 
ultrasonic transducer 20 is changed into an echo electrical signal with the reflected wave 
receiver 27. This echo electrical signal is digitized through A-D converter 29, after being 
amplified with an amplifier 28. And the digitized digital echo signal is inputted into the velocity- 
distribution measurement circuit 26. 

The electrical signal of the fundamental frequency fO from the amplifier 21 for an oscillation is 
digitized by the velocity-distribution measurement circuit 30, it is inputted into it, change of the 
rate of flow based on a doppler shift is measured from the delta frequency of both signals in it, 
and the velocity distribution of the measurement field which meets the measurement line ML is 
computed in it. By proofreading the velocity distribution of a measurement field with the tilt 
angle alpha, the velocity distribution in the cross section of the fluid piping 1 1 is measurable. 
[0039] 

Now, in advance of the invention in this application, when the wall thickness in case the fluid 
piping 1 1 is metal was 1/2 of the fundamental frequency fO of a supersonic wave, or its integral 
multiple, the knowledge of the transparency property of a supersonic wave being dramatically 
high was carried out. Then, based on this knowledge, the fundamental frequency fO of the 
ultrasonic pulse oscillated from the ultrasonic transducer 20 constitutes the frequency-selective 
setting-out means 1 9 so that the optimum value which produces a resonance-transparency 
phenomenon to the wall thickness of the fluid piping 1 1 may be chosen freely and automatically. 
The oscillation frequency adjustable equipment 31 whose adjustment setting out this frequency- 
selective setting-out means 19 fluctuates the oscillation frequency of the amplifier 21 for 
excitation mentioned above, and its amplifier 21 for excitation, and is enabled, A fundamental- 
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frequency field setting-out means 32 to operate oscillation frequency adjustable equipment 31 
within limits (for example, inside of a frequency domain of 200kHz - 4MHz) which the user 
specified as this oscillation frequency adjustable equipment 31 beforehand, With the reflected 
wave receiver 27 which receives the ultrasonic echo reflected from the measurement field in the 
fluid piping 1 1 The amplifier 28 which amplifies and agitates the received ultrasonic echo signal, 
and a reflected wave on-the-strength extract means 33 to extract and memorize the 
reinforcement of the ultrasonic echo signal agitated with the amplifier 28, It has the display 18 
equipped with the reflected wave display function on the strength on which the reflectivity 
(ultrasonic echo intensity) extracted and memorized with this reflected wave on-the-strength 
extract means 33 is displayed. 
[0040] 

Thus, the constituted frequency-selective setting-out means 19 sets up the optimum frequency 
which produces a resonance-transparency phenomenon to the wall thickness of the fluid piping 

1 1 according to a collaboration operation of the reflected wave on-the-strength extract means 
33, oscillation frequency adjustable equipment 31, etc. The set-up optimum frequency 
determines the oscillation frequency of oscillation amplifier, and makes the ultrasonic transducer 
20 excite with the output signal from oscillation frequency adjustable equipment 31. And the 
ultrasonic pulse of the fundamental frequency fO which is optimum frequency is oscillated into 
the fluid piping 1 1 from the ultrasonic transducer 20. 

Since the ultrasonic pulse of optimum frequency is oscillated from the ultrasonic transducer 20, 
sufficient reflected wave S/N ratio can be secured and the large ultrasonic echo signal which is 
a reflected wave can be taken. That is, since the ultrasonic pulse which produces a resonance- 
transparency phenomenon is oscillated, the permeability of the fluid piping 1 1 is dramatically 
high, and sufficient reflected wave reinforcement can be obtained. 
[0041] 

In addition, in order to oscillate smoothly the supersonic wave oscillated from the ultrasonic 
transducer 20 into the fluid piping 1 1 , the jelly-like contact medium 35 is made to intervene 
between the ultrasonic transducer 20 and the fluid piping 1 1 . 

Moreover, although it mentioned above noting that the reflected wave receiver 27 received the 
reflected wave, it is possible to make a reception function build in the ultrasonic transducer 20, 
and to also make it substitute. 
[0042] 

Next, the working principle of the Doppler type ultrasonic flowmeter 10 is explained, making 
draw ing 6 refer to. 

As shown in drawing 6 (A), after only the include angle alpha has leaned and installed the 
ultrasonic transducer 20 in the flow direction of the measured body to the radiation direction of 
piping 11 When incidence of the ultrasonic pulse of the necessary frequency fO is carried out 
from the ultrasonic transducer 20, as this ultrasonic pulse is reflected in the measured fluid 1 2 
on the measurement line ML in the reflector distributed uniformly and it is shown in drawing 6 
(B) It is set to ultrasonic echo a and returned to the ultrasonic transducer 20. 
Here, the sign b in drawing 6 (B) is a multiple reflection echo reflected with the tube wall by the 
side of ultrasonic pulse incidence. Moreover, Sign c is a multiple reflection echo reflected with a 
reverse by-pass wall. Oscillation spacing of the ultrasonic pulse oscillated from the ultrasonic 
transducer 20 is 1-/Frpf. 

If filtering processing of the echo signal received by the ultrasonic transducer 20 is carried out 
and a velocity distribution is measured along with the measurement line ML using the doppler 
shift method, it will be displayed like drawing 6 (C). This velocity distribution can be measured 
with the fluid velocity-distribution measurement means 1 6 of the Udflow unit 1 3. 
[0043] 

The "doppler shift method" is the approach of applying the principle to which only the magnitude 
to which it was reflected by the reflector (for example, air bubbles) of mixture or uniform 
distribution into the fluid 12, and became an ultrasonic echo, and the frequency of this ultrasonic 
echo is proportional to the rate of flow when the ultrasonic pulse was emitted into flowing fluid 

1 2 carries out the frequency shift of the inside of piping 1 1 , and measuring the rate of flow here. 



2006/04/12 



JP,2004-012204,A [DETAILED DESCRIPTION] 



The velocity-distribution signal of the measured fluid 1 2 measured with the ultrasonic fluid 
velocity-distribution measurement means 16 can be sent to the computer 17 as a flow rate 
operation means, can integrate with a velocity-distribution signal to radial [ of piping 11] here, 
and can calculate the flow rate of the measured fluid 12 by the time-dependent. Since it is the 
formula (1) and formula (2) which were mentioned above about the formula of the flow rate 
count, the explanation to repeat is omitted. 
[0044] 

In addition, the Doppler type ultrasonic flowmeter 10 by this operation gestalt can acquire the 
spatial distribution of the flow of the measured fluid 12 by the formula (2) with the speed of 
response of instant, for example, 50msec(s), - 100msec extent, the case where time fluctuation 
exists by the case where sufficient run-up section cannot be taken even if the measured fluid 1 2 
is the flow in piping (tube) 11, closing motion of a valve, starting, a halt of a pump, etc. — the 
flow of a fluid — an unstationary state — three-dimensions distribution — ****, although it is 
since this Doppler type ultrasonic flowmeter 10 can search for the velocity distribution of a 
measurement field by the time-dependent in an instant — the flow rate of the measured fluid 12 
— a steady state and an unstationary state — how cannot be asked but accuracy can be asked 
with a sufficient precision. 
[0045] 

(Check experiment of a transparency property) 

The check experiment of the transparency property of the supersonic wave oscillated from the 
ultrasonic transducer 20 was conducted using the Doppler type ultrasonic flowmeter 10 by this 
operation gestalt. 

This Doppler type ultrasonic flowmeter 10 can carry out adjustment setting out of the 
fundamental frequency of the supersonic wave oscillated from the ultrasonic transducer 20 by 
the frequency complement setting-out means 1 9 automatically in a 5kHz unit from 200kHz to 
several MHz (for example, 2MHz). 

The wall surface radiographic examination of a supersonic wave embeds stainless steel at a part 
of acrylic piping of the diameter of 250mm, and installs the ultrasonic transducer 20 to the wall 
exterior of this stainless steel. And incidence of the supersonic wave was carried out changing 
fundamental frequency, and the reflectivity of the supersonic wave from the confrontation side- 
attachment-wall side of acrylic piping was investigated. 
[0046] 

( Drawing 7 ) 

In the wall surface transparency experiment of a supersonic wave, the wall thickness of stainless 
steel prepared three kinds which are 9.5 millimeters, 11.5 millimeters, and 13.0 millimeters. 
Moreover, fundamental frequency of the supersonic wave oscillated from the ultrasonic 
transducer 20 was made into three kinds, 0.25kHz, 0.5kHz, and 1MHz. Drawing 7 shows the 
example of a wall surface transparency experiment of the supersonic wave by 9.5-millimeter 
stainless steel. An axis of abscissa is the fundamental frequency fO of a supersonic wave, and an 
axis of ordinate is the reflectivity of the supersonic wave from a confrontation wall. Among 
drawing 7 , h and 0.5kHz show by i and 1MHz shows [ 0.25kHz ] the transparency curve of a 
reflected wave on the strength by j. 

Now, the upward arrow heads I, m, and n in drawing 7 show the relation between the wavelength 
of the oscillation frequency of a supersonic wave, and the wall thickness of stainless steel. That 
is, the 1/2, the actual size of the wall thickness of stainless steel, and 3/2 twice as many 
frequency location as this is shown from the one where wavelength is lower. 
From d rawing 7 , if fundamental frequency is set as about 910kHz according to the piping wall 
thickness of stainless steel when choosing a 1MHz supersonic wave and using the ultrasonic 
transducer 20, it can grasp that the transparency property of a supersonic wave is good. The 
transparency curve j of a frequency on the strength can grasp that the transparency 
reinforcement of a reflected wave is high in the location of an arrow head n. 
[0047] 

( Drawing 8 ) 

Fluid piping by 9.5 millimeters of wall thickness and carbon steel with a bore of 1 50 millimeters 
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was prepared, the 1MHz supersonic wave was chosen and the ultrasonic transducer 20 was 
used, it set up so that the fundamental frequency fO oscillated from the ultrasonic transducer 20 
by the frequency complement setting device 19 might be set to 910kHz, and the velocity 
distribution of a measured fluid was measured. Drawing 8 shows the result of time amount mean 
velocity distribution of the measured fluid obtained in the measurement experiment. 
Since the measure point of the velocity distribution of a measured fluid was difficult to acquire 
velocity distribution sufficient for an echo of the supersonic wave in the interior of a wall in a 
near side (the range of 0-60 millimeters) from the tubing core in fluid piping, it was made into the 
range where the effect of a wall surface could not appear easily to the velocity distribution of 
the measured fluid 12 and which is 60-150 millimeters. And the comparatively smooth average 
velocity-distribution curve (inside O of drawing) was obtained. 

From this average velocity-distribution curve O, by integrating with an average velocity 
distribution within the fluid piping 11, it is accurate and the flow rate of the measured fluid 12 
which flows the inside of the fluid piping 1 1 can be measured a contacted condition. 
[0048] 

By the way, in this measurement, while a velocity distribution is once acquired and carries out a 
monitor output about the 0-150-millimeter whole, the technique display a "center" on 75 
millimeters of central slack, and a user chooses the side which acquired comparatively smooth or 
sufficient velocity distribution in two measurement results divided in that center is the technique 
mentioned above using drawing 1 etc. Furthermore, it becomes choosing automatically good 
among two measurement results divided in the center, then the technique mentioned above 
using drawing 2 . 
[0049] 

( Drawing 9 ) 

Drawing 9 is the variation of the Doppler type ultrasonic flowmeter shown in drawing 5 , and 
describes it as Doppler type ultrasonic flowmeter 10A. 

Instead of selecting the optimum frequency of the ultrasonic pulse which carries out incidence 
into the fluid piping 1 1, how to change the wall thickness of the fluid piping 11 theoretically, and 
to produce a resonance-transparency phenomenon as an approach of raising the S/N ratio of a 
reflected wave can be considered. However, actually, the method of changing the wall thickness 
of the fluid piping 1 1 is impossible. Then, it has the device in which whenever [ setting-angle / of 
the ultrasonic transducer 20 to the fluid piping 1 1 ] is changed as changing the wall thickness of 
the fluid piping 11, and an equal means. That is, the frequency selection setting-out means 19 
which carried out adjustment setting out of the alpha whenever [ incident angle / of the 
ultrasonic transducer 20 ], and was equipped with the incident angle adjustment setting-out 
means 40 which can select automatically whenever [ incident angle / of the supersonic wave 
which suits the wall thickness of the fluid piping 1 1 ], and it had with the Doppler type ultrasonic 
flowmeter 10 is omitted. Here, alpha is an include angle formed between the vertical line on the 
front face of tubing of the fluid piping 1 1 , or a vertical plane whenever [ incident angle / of the 
supersonic wave oscillated from the ultrasonic transducer 20 ]. 
[0050] 

The ultrasonic transducer 20 to which the incident angle adjustment setting-out means 40 
enabled accommodation of whenever [ setting-angle ] from the outside to the fluid piping 11, 
alpha in the range of the incident angle beforehand specified as the incident angle translator 41 
in which adjustment setting out is possible (for example, 5-45 degrees) whenever [ incident 
angle / of the ultrasonic pulse oscillated from this ultrasonic transducer 20 ] It has an incident 
angle field setting-out means 43 to operate the incident angle translator 41, and a reflected 
wave on-the-strength extract means 44 to receive the ultrasonic echo reflected, and to extract 
and memorize the reinforcement. The ultrasonic echo intensity extracted and memorized with 
the reflected wave on-the-strength extract means 44 is displayed with the display 18 equipped 
with the reflected wave display function on the strength. 
[0051] 

By the incident angle translator 41, this incident angle adjustment setting-out means 40 can 
change whenever [ setting-angle / of the ultrasonic transducer 20 to the fluid piping 1 1 ], and 
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can change alpha in about 5-45 degrees whenever [ incident angle / of a supersonic wave ]. 
Specifically, it attains by making a stepping motor 46 drive with the output signal outputted from 
the incident angle translator 41, and making a mounting angle adjustment device drive with the 
stepping motor 46 so that it may illustrate in drawing 9 . 
[0052] 

alpha is set up with the incident angle adjustment setting-out means 40 as optimal include angle 
which produces a resonance-transparency phenomenon to the wall thickness of the fluid piping 
1 1 whenever [ incident angle / of the ultrasonic pulse oscillated from the ultrasonic transducer 
20 ]. It is the same as changing wall thickness physically and trying for a resonance- 
transparency phenomenon to arise, without changing the frequency of an ultrasonic pulse. Since 
incidence of the ultrasonic pulse which a resonance-transparency phenomenon produces is 
carried out and sufficient reflected wave S/N ratio can be secured, an ultrasonic echo reflects 
and the velocity distribution and flow rate of the measured fluid 12 can be measured with a 
sufficient precision to accuracy. 
[0053] 

In addition, naturally it is also possible to manufacture and adopt the ultrasonic transducer 20 
which built in the function of the incident angle adjustment setting-out means 40 mentioned 
above, i.e., the function in which whenever [ incident angle / of a supersonic wave ] can be 
changed. 

By the way, although explained having established the incident angle ac(justment setting-out 
means 40 mentioned above instead of the frequency selection setting-out means 19 similarly 
mentioned above, naturally it is also possible to have combining the both-hands stages 40 and 
1 9. In that case, whenever [ optimal incident angle ], and optimum frequency will be chosen 
automatically, and will be set up. For example, when the rate of flow is very quick and whenever 
[ incident angle ] is large, there is a possibility of being hard that it may come to receive an 
ultrasonic echo. In such a case, whenever [ incident angle ] is set up small and priority is given 
to adjustment of optimum frequency. 
[0054] 

Since the Doppler type ultrasonic flowmeters 10 and 10A shown in drawing 9 from drawing 5 are 
the measuring methods depending on the measurement line ML, increasing the number of the 
measurement lines ML brings them close to field measurement, and it links them with raising the 
accuracy of measurement directly. Then, the ultrasonic transducer 20 of N individual is installed 
in the hoop direction of the fluid piping 1 1 for every predetermined spacing. Moreover, while 
doing include-angle alpha dip of the measurement line ML of all the ultrasonic transducers 20 to 
the perpendicular to a tube wall, it is desirable to install so that the axis of the fluid piping 1 1 
may be intersected. 
[0055] 

Now, supposing the flow of the measured fluid 1 2 which flows the inside of piping 1 1 can 
disregard radial, the flow vr of an include angle theta, and vtheta by the flow of the direction of a 
tube axis, it is set to vx»vr=vtheta, and it is simplified and flow rate measurement is expressed 
with a degree type. 
[Equation 3] 

m (t) - - ^L^ { vx {r • 6i • r)/sina}- r • dr ( 3 ) 



Thus, the flow rate of the called-for measured fluid 12 can be displayed by the time-dependent 
with a display 18 in an instant. The velocity distribution which meets the measurement line ML in 
the piping 1 1 of the measured fluid 1 2, or the velocity distribution in the piping cross section can 
also be displayed on this display 18. 
[0056] 

Doppler type ultrasonic flowmeter 10B shown in drawing 12 from drawing 10 is to compute the 
exact rate of flow and a flow rate, even if the flow of the measured fluid 1 2 is a case as the 
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turning style has arisen within the fluid piping 1 1 to the fluid piping 1 1 when not parallel for 
example. 

For example, the velocity vector V3 shown in drawing 1 1 is not parallel to the fluid piping 11. 
Suppose that it was going to compute the rate of flow by this velocity vector V3. That is, a 
supersonic wave reflects in the air bubbles which are flowing along with this velocity vector V3 f 
and suppose that only the ultrasonic transducer 20 received that ultrasonic reflective echo. 
Then, a velocity vector V3 will be computed as an parallel velocity vector V1 to the fluid piping 
1 1 , and will become larger than the actual rate of flow. 
[0057] 

Then, the ultrasonic transducer 20 installed like before and its ultrasonic transducer 20 make an 
ultrasonic transducer combination with second ultrasonic transducer 20a which the shaft 
orientations of the fluid piping 1 1 are made to estrange, and is installed. It is supposed that it 
installs in a location where the ultrasonic transducer 20 and ultrasonic transducer 20of ** 
second a, and each ultrasonic pulse to oscillate cross at right angles in the measurement field in 
fluid piping. 

Since second ultrasonic transducer 20a can ask for velocity vectors V2, V4, and V5, it can 

compute the original velocity vector V3 from relation with a velocity vector V1. 

[0058] 

In addition, in drawing 12 , the configuration of the ultrasonic transducer concerning this 
operation gestalt is explained. That is, it has the first ultrasonic transducer 20 and ultrasonic 
transducer 20of ** second a, and the transducer migration device 46 to which these transducers 
20 and 20a are moved relatively. And the transducer migration device 46 is equipped with the 
structure to which it is made to move so that the ultrasonic pulse which the first transducer 20 
and second transducer 20a oscillate may intersect perpendicularly in the measurement field in 
fluid piping. 

Transducers 20 and 20a are equipped with the reflected wave receivers 27 and 27a and the 
velocity-vector calculation means 47 and 47a, respectively, and the rate-of-flow vector 
calculation means 48 computes the final velocity vector V3 from the vector sum of the velocity 
vector computed based on the velocity-vector calculation means 47 and 47a. 
[0059] 

According to Doppler type ultrasonic flowmeter 10B shown in drawing 1 2 from drawing 10 , to 
the fluid piping 11, even if the flow direction of the measured fluid 12 is the case which is not 
parallel, it can carry out vector operation of the flow direction, and can compute the exact rate 
of flow and a flow rate. 

In addition, if the tubing hoop direction of the fluid piping 1 1 is made to carry out two or more 
locations and this Doppler type ultrasonic flowmeter 10B that made the lot the first ultrasonic 
transducer 20 and ultrasonic transducer 20of ** second a is combined with it, the more exact 
rate of flow and a flow rate are computable. 
[0060] 

[Effect of the Invention] 

Even if it was the case where dispersion arose from claim 1 in the measured value of a velocity 
distribution according to invention according to claim 6, the Doppler type ultrasonic flowmeter 
which makes more precise hydrometry possible was able to be offered. 

Moreover, according to claim 7 and invention according to claim 8, even if it was the case where 
dispersion arose in the measured value of a velocity distribution, the measuring method by the 
Doppler type ultrasonic flowmeter which makes more precise hydrometry possible was able to be 
offered. 

Moreover, according to claim 9 and invention according to claim 10, even if it was the case 
where dispersion arose in the measured value of a velocity distribution, the program for 
hydrometry by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible was able to be offered. 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing the configuration of an operation gestalt. 
[ Drawing 2] It is the conceptual diagram showing the configuration of an operation gestalt. 
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[Drawing 3] It is drawing showing the screen outputted to the monitor of a computer. 
[Drawing 4] It is drawing showing the screen outputted to the monitor of a computer. 
[Drawing 5] It is drawing showing the hardware configuration of an operation gestalt. 
[Drawing 6] It is drawing for explaining the working principle of a Doppler type ultrasonic 
flowmeter. 

[QraMPJS._7] It is drawing showing the example of a wall surface transparency experiment of a 
supersonic wave. 

[ Drawing 8 ] The result of time amount mean velocity distribution of the measured fluid obtained 
in the measurement experiment is shown. 

[Drawing 9] It is hardware configuration drawing showing the operation gestalt which can change 
whenever [ incident angle / of a supersonic wave ]. 

[ Drawin g 10] It is drawing which indicated the flow which is not parallel by the vector to fluid 
piping. 

[Drawing 1 1] It is drawing showing the principle which is equipped with two or more ultrasonic 
transducers in the direction of a tube axis, and measures the flow which is not parallel to fluid 
piping. 

[Drawing 12] It is a signal-processing block diagram at the time of having two or more ultrasonic 
transducers in the direction of a tube axis. 
[Description of Notations] 

10, 10A, and 10B Doppler type ultrasonic flowmeter 
1 1 Fluid Piping 12 Measured Fluid 

13 Ultrasonic Velocity-Distribution Measurement Unit (Udflow Unit) 

15 Ultrasonic Transmitting Means 16 Fluid Velocity-Distribution Measurement Means 

17 Computer (Fluid Flow Rate Operation Means) 

18 displays 19 Frequency-selective setting-out means 

20 20a Ultrasonic transducer 

21 Amplifier for Oscillation (Signal Generator) 
23 Oscillator (Oscillator) 24 Emitter 

27 Reflected Wave Receiver (Ultrasonic Receiving Means) 

28 Amplifier 29 A/D Converter 

30 Velocity-Distribution Measurement Circuit 31 Oscillation Frequency Adjustable Equipment 
32 Fundamental-Frequency Field Setting-Out Means 33 Reflected Wave on-the-Strength 
Extract Means 
35 Contact Medium 

40 It is Accommodation Setting-Out Means whenever [ Incident Angle ]. 41 It is Translator 
whenever [ Incident Angle ]. 

43 It is Field Setting-Out Means whenever [ Incident Angle ]. 44 Reflected Wave on-the- 
Strength Extract Means 
46 Ultrasonic Transducer Migration Device 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the technique relevant to the Doppler type 
ultrasonic flowmeter and it which can measure the measured fluid flow by the time-dependent 
from the velocity distribution of a measurement field in an instant. 
[0002] 
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PRIOR ART 



[Description of the Prior Art] 

even if it is the flow of an unstationary state in JP,2000-97742,A — a time-dependent — 
accuracy — precision — the measurable Doppler type ultrasonic flowmeter is indicated by non- 
contact [ high ]. 

The Doppler type ultrasonic flowmeter indicated here makes the following configurations. That is, 
the ultrasonic echo reflected from a measurement field among an ultrasonic transmitting means 
carry out incidence of the ultrasonic pulse of a necessary frequency into a measured fluid along 
with a measurement line from an ultrasonic transducer, and the ultrasonic pulse by which 
incidence was carried out to the measured fluid receives, and it has a fluid velocity-distribution 
measurement means measure the velocity distribution of the measured fluid in a measurement 
field, and a flow rate operation means perform an integration operator based on the velocity 
distribution of the above-mentioned measured fluid. And a flow rate operation means measures a 
flow rate based on the velocity distribution of the measured fluid in a measurement field. 
[0003] 

This Doppler type ultrasonic flowmeter measures the velocity distribution of the measured fluid 
which flows the inside of piping, and is excellent in responsibility in the flow rate of the transient 
changed in time. Moreover, the measured fluid flow can be efficiently measured with a sufficient 
precision in an instant also just behind the location where the part where the flow of a fluid is 
not fully developed, and flow are three dimensions, for example, piping bent like elbow piping or U 
character-like reversal piping. In comparison with the ultrasonic flowmeter currently offered 
before it, even if there is "no flow rate correction factor" deduced from the experimental value, 
the experience value, etc., there is the description that exact measurement is possible, and it is 
evaluated greatly. 
[0004] 



[Translation done.] 



2006/04/12 



JP,2004-012204,A [EFFECT OF THE INVENTION] 



1/1 s<— v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] 

Even if it was the case where dispersion arose from claim 1 in the measured value of a velocity 
distribution according to invention according to claim 6 f the Doppler type ultrasonic flowmeter 
which makes more precise hydrometry possible was able to be offered. 

Moreover, according to claim 7 and invention according to claim 8, even if it was the case where 
dispersion arose in the measured value of a velocity distribution, the measuring method by the 
Doppler type ultrasonic flowmeter which makes more precise hydrometry possible was able to be 
offered. 

Moreover, according to claim 9 and invention according to claim 10, even if it was the case 
where dispersion arose in the measured value of a velocity distribution, the program for 
hydrometry by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible was able to be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

Now, the above-mentioned Doppler type ultrasonic flowmeter is premised on the existence of an 
ultrasonic echo reflected by the air bubbles contained in the measured fluid, and the solid. For 
this reason, when the flow of a measured fluid is very unstable, the consistency difference of air 
bubbles etc. may become a cause and dispersion may arise in the measured value of a velocity 
distribution. When dispersion arises in flow rate distribution, the operation of a flow rate is also 
influenced. 
[0005] 

Even if the technical problem which this invention tends to solve is the case where dispersion 
arises in the measured value of a velocity distribution, it is offering the technique about the 
Doppler type ultrasonic flowmeter which makes more precise hydrometry possible. 
Even if it is the case where dispersion produces the object of invention according to claim 6 
from claim 1 in the measured value of a velocity distribution, it is in offering the Doppler type 
ultrasonic flowmeter which makes more precise hydrometry possible. 

Moreover, even if claim 7 and the object of invention according to claim 8 are the cases where 
dispersion arises in the measured value of a velocity distribution, they are to offer the measuring 
method by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible. 

Moreover, even if claim 9 and the object of invention according to claim 10 are the cases where 
dispersion arises in the measured value of a velocity distribution, they are to offer the program 
for hydrometry by the Doppler type ultrasonic flowmeter which makes more precise hydrometry 
possible. 
[0006] 
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MEANS 



[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the following invention is indicated in 
this application. 
[0007] 
(Claim 1) 

The ultrasonic transmitting means to which invention according to claim 1 carries out incidence 
of the ultrasonic pulse of a necessary frequency into the measured fluid in fluid piping along with 
a measurement line from an ultrasonic transducer, A fluid velocity-distribution measurement 
means to receive the ultrasonic echo reflected from the measurement field among the ultrasonic 
pulses by which incidence was carried out to the measured fluid, and to measure the velocity 
distribution of the measured fluid in a measurement field, Based on the velocity distribution of 
said measured fluid, the Doppler type ultrasonic flowmeter equipped with a flow rate operation 
means to calculate the measured fluid flow in said measurement field is started. Namely, a 
velocity-distribution output means to carry out the screen output of the velocity distribution of 
the measured fluid in a measurement field, A central display means to display the center of the 
point of measurement in a measured fluid to the velocity distribution in which the velocity- 
distribution output means carried out the screen output, It is halved bordering on the central 
display, and has a division distribution selection means in the velocity distribution outputted by 
which while makes division distribution selectable [ a user ]. Said flow rate operation means It is 
the Doppler type ultrasonic flowmeter to which it was presupposed that the measured fluid flow 
in said measurement field is measured by having chosen while using said division distribution 
selection means, and calculating and carrying out two times using division distribution. 
[0008] 

(Vocabulary explanation) 
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OPERATION 



(Operation) 

First, an ultrasonic transmitting means carries out incidence of the ultrasonic pulse of a 
necessary frequency into the measured fluid in fluid piping along with a measurement line from 
an ultrasonic transducer. The ultrasonic pulse by which incidence was carried out to the 
measured fluid will be reflected if air bubbles, a solid, etc. which flow the inside of a measured 
fluid are collided with. The ultrasonic echo reflected from the measurement field among the 
reflected ultrasonic pulses is received, and a fluid velocity-distribution measurement means 
measures the velocity distribution of the measured fluid in a measurement field using the 
Doppler effect. 

Then, a velocity-distribution output means carries out the screen output of the velocity 
distribution of the measured fluid in a measurement field. A central display means displays the 
center of the point of measurement in a measured fluid to the velocity distribution in which the 
velocity-distribution output means carried out the screen output. And while makes division 
distribution selectable [ a user ] in the velocity distribution which a division distribution selection 
means is halved bordering on the display of the center by the central display means, and is 
outputted. A flow rate operation means measures the measured fluid flow in said measurement 
field by having chosen while using said division distribution selection means, and calculating and 
carrying out two times using division distribution. 

According to the above Doppler type ultrasonic flowmeters, even if it is the case where 
dispersion arises in the measured value of a velocity distribution, a velocity distribution is 
divided, a user chooses better division distribution, and in order to make the operation of 
carrying out two times using the velocity distribution of the selected one half perform, it 
becomes possible about more precise hydrometry. 
[0010] 
(Claim 2) 

The points that invention according to claim 2 chooses automatically selection of the division 
distribution which invention concerning claim 1 had left to the user differ. 

Namely, a division distribution creation means to halve in the center of the point of measurement 
in a measured fluid, and to create two division distribution to the velocity distribution of the 
measured fluid in a measurement field, It has the automatic selection means which compares two 
created division distribution and makes automatic selection of the small division distribution of 
dispersion. Said flow rate operation means When while chose, it calculates and said automatic 
selection means carries out two times using division distribution, the Doppler type ultrasonic 
flowmeter to which it was presupposed that the measured fluid flow in said measurement field is 
measured is started. 
[0011] 

(Vocabulary explanation) 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing the configuration of an operation gestalt. 
[Drawing 2] It is the conceptual diagram showing the configuration of an operation gestalt. 
[Drawing 3] It is drawing showing the screen outputted to the monitor of a computer. 
[Drawing 4] It is drawing showing the screen outputted to the monitor of a computer. 
[Drawing 5] It is drawing showing the hardware configuration of an operation gestalt. 
[Drawing 6] It is drawing for explaining the working principle of a Doppler type ultrasonic 
flowmeter. 

[Drawing 7] It is drawing showing the example of a wall surface transparency experiment of a 
supersonic wave. 

[Drawing 8] The result of time amount mean velocity distribution of the measured fluid obtained 
in the measurement experiment is shown. 

[Drawing 9] It is hardware configuration drawing showing the operation gestalt which can change 
whenever [ incident angle / of a supersonic wave ]. 

[Drawing 10] It is drawing which indicated the flow which is not parallel by the vector to fluid 
piping. 

[Drawing 11] It is drawing showing the principle which is equipped with two or more ultrasonic 
transducers in the direction of a tube axis, and measures the flow which is not parallel to fluid 
piping. 

[Drawing 12] It is a signal-processing block diagram at the time of having two or more ultrasonic 
transducers in the direction of a tube axis. 
[Description of Notations] 

10, 10A, and 10B Doppler type ultrasonic flowmeter 
11 Fluid Piping 12 Measured Fluid 

13 Ultrasonic Velocity-Distribution Measurement Unit (Udflow Unit) 

15 Ultrasonic Transmitting Means 16 Fluid Velocity-Distribution Measurement Means 

1 7 Computer 
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[Drawing 1] 







[Drawing 2] 
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[Drawing 3] 




[Drawing 4] 
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[Drawing 5] 
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[Drawing 6] 
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£ L St * * l St * « 3 © v> i* n a» K BE <ft © KyT'ySStiKiiSt. 

[It** 5 ] 

#E«©#*fit-»t|!S£-frTBS:«2n6lil- h 9 ^ * a - * £ , fS - h ? > * 5> » — * 
*S «t t5 US - h 7 > * v? - if £ SrtiStWKl»t!l3*« h 7 >-*v?=.-1»-^»«1S£ £ # 

'<^*#*f*E*rt©»j£«*&:-c£3£i-* z. 5 it » » s * a z. 1 1 l 

ft * * 3 * fi ft * * 4 © ^ 3> fE * © Ky7*9*tt#«flt*tK 

[ It * * 6 1 50 
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H- b 7 v^^a-tt3it;sr h ? > * i? ~ - v b KM £ ti tz m'g & * <D M 

w » a ft * w iaj » & « =?• h ;v & z ti -eng. m -r z m ? h^mta^^t. 

* ©ai^^ h/isM.tti^WLKxw.m ^unftan^itKDmst^^ b iw^t v /v fp b & a 

■femfcnmm.^ ? b fr*%m-r zWLT&^t h^iiufai & fit x. , 

«E#fcflEa*«ft#«H:, iff IE ift i£ ^ ^ hA-Srffi^TSftii^^^aftL, 

#ft S ft £ f © « , Sttaa^^SrJH^-Ctftaftaft:©*****-*-*; h h L » Jg 5 

Bio Ky/?a;ifit»il[ill-. 

[«#Jf 7 ] 

M ft »E {* 4» ~ AM^-frSS^jS^ff^^t, *aft*fl:fcA*t3ftfc«*»'</i'J*<© 5 
^Deit^bSW^nfcltSx^-lrSflL^ aftffi#i::*3tt5l&aftaflE<E>ijfEj£# 

*£aft^s»K#5i*7>*a;efis:i:, «tnE*aft*tt<o«E»#tffca£-3v-c\ «r is a 
fem&tziatf & mm m*-* smxmn^st t *mz.tz b ? y 7 mm^mm 
m tf & m ^ fc gfE a n- a * a -e fe o -c , 

©■f*l:S*t5tA*f flit, 

m^X-m%V. -ftt5r fcfc±oTl»lEaft«*fc:l3tt3*aftafle<0a£*«:tt«-f-3 
r t t L * S ff if J * & , 
[ 8 ] 

Ff^JiiKifcwje^&^/i'^SrjewiS h 7 >- * v 5 * - * a> e> a s *su- *& o x m&mv \h z> « 

aft^fr't'^Aa-l-^-tirSffl^ifci&fffSi:, 

^aftafrt-Afcl-SJxfcig^iK^/u;*© 5 feaftffilfc^kKff^ttfcie^Si^a-Srgfe 

m%iWiffl7£m&-<nmMftJi;\~m-3^x, mmmimmm^^n z^mmmft<Dmm^mn--r 
z>mtm%-^& t *mz-tz b ^ 7° 7 ^.m^mmmm m^^tzmmnm^mx-h ^x , 
m&mmizt3rt&»mj£m#0mi&&*iizttvr. & a ft m ft \z *j ft « a ft m v> «f» & jc r 

HI t Sr fll x. , 

- -f- 5 i fc {£.fcoTffirfEaftffi#K:fctt5l5£afta&<E>3fi*£S1-a-*-3 r t t uiz-ms. 

w- a * a* o 

[ st 9 ] 

rn^rn Rsoit « ^ a- * zm^fc b 7 > *v ~-vfabMi£mKfe'oxmfc%i < »\*i<z>m 
wiw.mMTZffiftnmm.ftifuzm'i^x. w?Eafts«K:fctt5&aft«#<£>a*:£iR»-r 

5Ii«l?gt «: 4t *. Ky^7:£ig#fe^S:ff£m^;fci5lt*;W-a:7 0 D ^ 9 A t? & o T 
^rro^n / 7 A (i, aft**fc:tel*5«aftM*«iffii*#*&HSffi;&£***5S#*ffl 
*W^ji^*WA#)iI{--CSffiffl73$tV7tMj«5J-*(->ctLT, « PJ ft a ft K *3 if s a * £ 
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lt5*«3ej«#(OSE*Srffa!l**Srfc i: U fc % fi »J ffi ^ p ^ 5 A 0 
[ 1 o ] 

^ cd 7° n ^ 7 A ft , SI 3S m 8c *3 It 5 * SO 5t fls CO gft it 55- # *f L T > «E 8lJ S SE # *5 »t 
iiSraytTa - * K: 31 tr & * 3 t t fc K , 

[0001] 

[ 0 0 0 2 ] 

I5feff Sflf ] 

»H2 0 O 0 - 9 7 7 4 2 1? , #£^#liCDM;frT*fcoTk[*RSfe#T-:E?if-;|»*iij 30 
< #«tt"CWJ£TsrlBfc K y 9 Stffl # ft * * It # IB * S ft T 3 . 

r.i^lB^&ftSFyT'^acttWftifcitl-tt:, «T©i 5 'ii^^'it. f 4 fc> *> , ffiW: 

m <d m'g- &s<^ * zm^m b 9 > * i? ~ — v & h m izmiz & x & m ferni** \z a& 
ics-^-tsiEftSrti-sij-t-s. 

[ 0 0 0 3 ] 

;oK S '7 , 7a;«fiiilElftli, Etfrt*:*ft3*«;£*#©«Ej*#*fc«:£L» R» DQ M 40 

ft«1fflte*#3ftTV*;/fc«#«i^fffcJ*lftUfc»-£, jUfc^^iglftte ft if a * 

ft r «t ft ftft JE # * j *J/j:<TtjE*/ia3feaSRrt6T?*)*l:V^54»«fc!JS*>9» * t < f¥ ffi 
$ ft X V> -5 0 
[ 0 0 0 4 ] 

$ T > iacoKs/^^^^^ft^ftft-H, ftSa^^frrtK^^ftTV^S&JS^H^&^E: 
#£ftfcj@*ft^ = — CD^&SrftJ^iLT^S. w©t*< «[»J^aE^rc>aE^^«*>-CT 50 
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[ 0 0 0 5 ] 

t? fe -5 o 

£ > St*33l9*s±WI»**l oe*t©»W0>I«tt, « 3g 5* ^ <£> ffl'J fll o # as £ 

* M :£ fli n ? 7 J* *m&-f Z Z. fc (cfoSo 
[ 0 0 0 6 ] 

[ 0 0 0 7 ] 

(fff#^ 1 ) 20 

KyT'^soawttatiw-fcflis,, t^fct,, m femm\z & i? z mm feffift co m&ftft * wi 

ft — *-ro^-*ii^-#^fflv^T«*L, rfts: t t- J; o r pf IE 89 j£ g( ® \z 33 it 5 & »j ^ 

M^W«S:^f+iiJ-t--5r t i Lfc K y :/ 7 5£ >@ * ifi fit 4 f+ -? 3 » 

[ 0 0 0 8 ] 

( JB ft Sft K ) 

rit»^?Sj tt: , li^m (t) ttStf , 
[ft 1 ] 

m(0 - p fv(x • 0* <W ( 1 ) 



v(x-t) : B$R|t (x£rS|) 

4 1t , _h IE <£> it (l) a> e> , ^friEffSraftftSBfltfltroiifcSm (t) f* , & iU- # £ & ;t 

5: h as t? # 5 o 

[ft: 2 ] 
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m(t) = pffvx(r ' 6 ' t)' r ' dr ' de ( 2 ) 



n & e <d <g m n n <d m m # 

[ 0 0 0 9 ] 

* -r , m^&mm^&ft , ^gji«g&<Dj@^»^^*£jg^feh7v*^^-ih^kays 10 

^ro^^^^a^^SySSMffita^Lfe^jg^^^^LT, » 81 S * # & It £ £ © 

* ^ £• # LT-^W^tvTlli^i^^xSMit^^t-feftS-^ro^SiJ^^T^, 3. - ^ 
51 #1 "I HE i: i" 3 , fit S St * ¥ 15: t* , BtjiE^»J^*51^#S^ffl^-C^^^tbfc-^ro^-#J 

aij-r 5 c 

ft 5 c 

[0010] 

(M*4 2 ) 

ft ft |c iS #1 -t- 5 i ^ 5 # * ft 5 . 

ft t> *> , ao s « *s m *s it 5 s ai ^ m fa <o m & # * *f l x , s ao s «je # »c *j t-t 3 ay ^ a 30 

»|J^*?rlt^!^L-C^^t.o^ro/J^$ft^«lI^*trgitlilSli-Si^(|]l^^^:i:5^«x > fir 3E 
SIE * » #* # IB: , WIEi»»*l*«isa#ibfc-*©»«»#«rfflV^-ClftJ|LL, -ffiti 

f SSittl:I5. 

[0011] 

( ffl 3f i& 91 ) 

rsiHRftj «aiJ^«fri-*3ft5a'J€^roig^tt^|H < i ; rtM*T^fctv 

X ^ Z> ft&lfttt *m$i-r Z> . £ /b 13 $J 5£ * 7 s 7 y&l<£ ^ Ofiff Sri ^ t R iSft L 
[0012] 

i«JE«l*l-*J»tStt«^«ltflc©ilfi3t»#fc«-U-C, tt W £ «E # *s 

(tsaij^^ro^^i-r-^fijLr-oro^sij^^^f^fiic-fSo tit, a » a & ^ a # , 
f^^L/c-o(o^#J^*^Jtlf?LT^^? 5 o#(D/J^^ft^^•SlJ^^|TS^ift^l^i-?. <> ffixmm 

« ± © J: 5 ft K5/7°7xtaW^«Sft{'±tL«, *3t##©W:6*fcli5>o#!5S£l-i5# 

ft 5 e 50 



t 



(7) JP 2004-12204 A 2004.1.15 

10 0 13] 

3 ) 

[0014] 

v^t^S, 

10 0 15] 

pis^a^, * (D^mm&m^i^mwi^^ #>mmis nfcjn**««rt-eiiiffs * * n & * 

f Sxa-^^f SrftfflltiSlt5S»fi3fiS»fflf atSrf tpJigtfcSc 
ttt&faSriifcKy^^ajBtaaEittci^, * 3B ft SI J£ Sr fir 5 Jp 4t j&» 6 ^ AH 

[0016] 

<ft*JB) 

[0017] 

(tt#« 4 ) 

ff «r PS 3t L fc t © T* fc 5 o 

iT ft ;b ^ , it$h7^^^a-t^6»aSlftrt^A«^5afiS^;v^wAW« 
*4:IBS^^i-^A*f^iaSlS^^SSr#^. toA»ftl8K)t*aB:, Sft IE ^ <^ « 
Il^ttStiK^^^^*[!|^ais*S:4C^5AWftSt 45 J; 5 1', 

[0018] 

(tfsJH) 40 

AffftlS^Sftli, if K fyV^v^a-t^bSffl^Iftrt^AW^saf S/^ 
/w^cDA^f^a^ia^^^i-^o t<o»l»tt. «ttE*<B*«fc#LT«Wtt'</i';*a*# 
Rilift3il§l*££D£^5A#tA*£ft5 «t 5 , jfi * ft - if «: * # E * 

[0019] 

(tt &m 5 ) 

It * * 5Bt©»!8lt, St * a 3 * fc rt It * ^ 4 <D v> -f jx ti* \z IE 4& <& K^7SStiS« 
ft *> , «*tth9^^^a— ^ — ^(D^-h^^^v?^ 



» 

I 
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m t * m *. , mm h y > * ^ ~-^-®mmmn, m - h 9 *s x^^—vis xxtm - h ? >> 

[ 0 0 2 0 ] 

i^RISJxS, » — SB — h ? ^ ^ i^a-t ft itfJBr: h 7 ^ 

*S?a-**i«*t^5***'</i'*2»*#E»rt© 5 9 » £ 

-*»c±ntfv»E*E«©**lft»cspf?^ftV^«n^#ftUTV^Tt>, £»9iEtflftilffi# 

[ 0 0 2 1 ] 

(S»#* 6 ) 

ft to *> . SB — H^v^v^-U-ftit/^z: — *36»b»«SJxfctt**^/v 

u v - /< ft J; fd - R Jf ft v - /< t , I-S»8^>-^^J:t/ilSW«^>-^l: 20 

1- * 3* * * # m # a t , * <nmm.^? v Arxm^WL^xw-mzfiit^ti^tKomtL 

\s /\s <o s< & h/wWd»fo*«SaEffo8IEj*-<^ h/^trJUH-f-SSEiS^^ h A- IT ffi # i£ <b 

fu iE«iS-< ^ h ^ £ m ^ X «r » £ L , gfi*SI 

* W- fll 5 o 

±5SE*ft**»#-^**fc»ai-Sfc«)^. — H. M iS ^ h/^ITffil-^Mia^^ h 
SW^g/i^lit^^tfc^c 30 

[ 0 0 2 2 ] 

(f£/H) 

ft^ta-Sr^ix-PixSfll-rSo S^t, igtf-<^ h/uHta#«*. IB — RWtti'S' — '<» 

it^iB-Rit*^^ — = — 

[ 0 0 2 3 ] 

( IB * * 7 ) Hf*Ji7Ett0jB9Itt* BfKJi«*o**«>"«A'^«:«**h?^^^3. 
-i^bSiJ^ilSU^oTXttE^rt *9J 

a*««icfttt5«SJ*X*^Xa^^*»J^i-SM*a«^*»J^#a^, ME*M£ 
*#<o«Ea$>#te*<5v^-c* mE*3l*«fcfcMt5ll[«3tit#«)*iS:«3lt5«i** 

ft to , We««fcfttta«Mfe«tt©*a3**fcPSBtti*S*3* 
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$tm £ fix at) * n z> mm&is k *» ft z> — jj<n # #j # ^ * — am^R^m t -r s 

[ 0 0 2 4 ] 

8 ) 

«■ * K 3E -3 T , lift IE A K *3 5 * £j £ ft # <T> ft * £ » H i" 5 X ft * * ^© £ & fit 

*fcKy:/9«ffl*»«*tt«:ffiV^fc«Kfttt-W*8nc«.&. 

■f 4 % , a***»c*j»t5*«^«E(*:o«a»*fc#L-C, tt 81 5£ ft ft Rl *5 It 5 » Jfc * 
© + * T ~ £ « L T ~ o © # « # # J* 1" 5 # « # * f£ J* # « i: , {^fiKUfc-oo^ 

ftftj*3*#ia:ti , IW1Egtt»&^JKfcT»«aftfc— *©#«#*fcfflV^Ti*J|Lb, ZlfflP 

^ ft t? $3 3 o 

[ 0 0 2 5 ] 

( ft * 9 ) 20 

ft S # i6 ^ * © 5 % SJ « a» K «• $ ft rt: ffl # i£ 31 = — 5:§IL, $!l 3£ ffi « l£ *5 It 

* <5 ^ T , WIES0^ffl*(-*3(t5*iiJ^ft#:cDijftfi:^«»-t-5fta«ff#Si £ fit fc 
Ky^7*«*««*tffcfflv^«ftttjB^:7'p^7.M::«5. 

^roftjS^^ta^^iiiic-csffia^^nfcfta^^^^LT, « aj ^ ft # tc *s 
t —frmznxmj] &tiz>mm.friBiz&i-t z> — % <oftm&in & =l — -? &m&.'*im t -r 30 

5 # §|J # *U il #^ HI i & = y fi-^litfT^*^ t t t \z , Su IS Ky/7Satft«i 

ai £ * 3 - t t L ft ft W- $J ffl :/ n ^7^T'fc-5 0 
[ 0 0 2 6 ] 
(3**5 1 0 ) 

*feitfio-c»#Et rto*ii)Sjit#f^A»s*5iitsafi?ai , * ai £ ft # k 

A**£ftfc«W«'<A':*<0 5fcW;£«*a»e>Rlt3ftfc«WSE==»--«:a«b, M £ « * 
[::*3tt5*aSft^wft^^*5rai3ti-5ft^3i^55-*SlJ^#St, HffSESEaiSftftroft 40 

Mfaa)6®«^^»t5K»J3£ftft:oft*4-»lf-r5ft*»l)L^St % 
■ ifcKy^ , 5a«*ftIi«-*fflv^ilEilH«l7'B*'5Ai:« 5 . 
* <D -7 p y 7 A fi x SO « « *3 It 5 * ai 3£ ft ft co ft 51 ft * # b X , ffi SI 3£ ft ft *5 it 
5 SI S jfti © f * I- T ~ # ftl L T r o cd # flf # * £ f£ A f 5 # W # * f£ fife ^ ffl t , f£ A b fc 

, itufEiftiiiiR^jiifHcTiSiRsaxfc — is (DftmftiG* m^xfc'&'L, , ristsriiao 

TlWIE»S«*^i3rt5*Sl^jStfl:©aE*feW-«i-5ii: i bfcftitfSiJfflT'n^^^.T- 
[ 0 0 2 7 ] 50 
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i-scit-e#s„ reftjgttj til, ^^Stx-ii^w^^tLft/i^/p^ 

^ , CD-ROM, MO ( ft ^ 5v 7* "-f ^ ^ ) , DVD-ROM, P D & ir"t? 5 , 
w^vt 0 ^ — * -IE £ -T 5 n t t"5TtBT-fe5, 

ft *i , in ffl W * = >- tr » — ^ Sr * A. K y 7" 9 SCifi # ft «E * W- K St L T , J: E «? ± 5 * # 

3 „ 10 
[ 0 0 2 8 ] 

ISSt^. r r fftitSiffili, BlftvaHl 2 T- fc 5 0 01*3^1512121*, # Hi 38 

w js m m , m m m t£ * u m -t z> tz * <o m x* &> 5 „ 

[ 0 0 2 9 ] 

(.mi) 

Blfcli, 5 Ky^?aat Sititt, Fy7'7Si@^Slitf^ffl 20 

Ky7'9S;ttW»«IS*t+r4, iIIS*o8f S-^^tata h?:'*^*— -fr^fe* 
JEiBllcftoTW^EWrtotta^aEfr^^Aft**^***®^**^:, tt « * St # m A 
#t £ ft fc S ^ 2£ ^ /V * <D 5 feWJE«**»feS*t*ixfctt#«3i3 — SrSfllU^ »J^^«I- 
#»*5**£«#©*ji#*«:«£i-5«fl:fcaEa*iWje^«i: , flttflS ft £ X # 0 ft 3 

Afc Ky^5 3;ttt»atitt-ck5. ft ft , te*srt*«J|L*ifcH:, A (1) 

, 5t (2) 1CT*LTV^5©T\ fKt5, 

W7J^e-^*3J;TJ'*^^S(i, BIT»J: 5 ttv^5 t i»J 3£ «l t£ t£ ft 30 

a* B ffi HI * LfeSfEiS^-^l-MLT, 33 it 5JB* < *©f*«r**"t-5'* 1 **^ 

?st, t^^^m^^mn-t u r - s ^ r m * * « « a » * *s rt s - * © » w 

^*Sra-Hf4sa^Ri1|ii:i-5^tld*3iiR^ai:trfllA.-CV^5 0 
[ 0 0 3 0 ] 

«T, K y 7° 7 5t i© ^ & ft * tt © f^«l V"> T , E3 1 (cS^VTSiU'tSo 

fc*£*tw»oT&#iitfrt©**:6iis{*"f»^Atts*3. AWSftfcffl* 

^ $E * © 5 , Mtffl«*f)5it$nfc«tifix3- & g ft L , K y 7" 7 - 3& * £• f U 40 
^©ftS^^ffl^^a^SiBttS* Lfcftj$#tfn'2tLT, « »J ft # ic ft if 5 SO j£ j£ <0 (f> 

[ 0 0 3 1 ] 

( 13] 3 ft <fc 15 13 4 ) 50 
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H3©Wffif*fcf4, rjfca#*ffl*#»J fit « i- « 0 1" ft , «l £ « 31 . « tt £ 

« s £ u t * if£^7 p D7 Mfc^77^tiiAttv^ 0 r. <o m t> m -e tt , w @ 3 1 3 

. 2 6 ^ y ^ - h/KZ)«(^Ef SrMt Lt*3 19 , ^^g^^gj ^ 1 6 0. 8 7 ;!) 

ii^tTiai, r^fij^^^g:] f sftt^5 0 rfttt, r n e a rj * fc fi tf 

a r J <D\s^Ttlfa , S fc « Td i ame t e r J — 1ft£»**$-ti:3fc*<Dfc<&-e*>5 

o I" N e a rj tt , fitS h 7 ^ ^ a ^ f ^ & 2 V^fti , i-ftfo*>pifffi-eB:**** 
¥SJ:n£ffl©:i:tfc5, * fc r F a r J fc tt . jg»&h^>-*^^-1^ibiivW4 10 

a. -t-ftfofeHB-ett****^®*?) t>*«o: ttfcs, r n e a r j s fc tt r F a 

rj G)V*-fjfc*»*r«lR Lfc:!#i8*fctt, 9 « * ft fc - & # ff # # £ ffi ^ T « # 9t * L , * 
ft S:-«i- S r fc fc±o-C*llft**©**«rW-a-#-«. 

r <£> H 3 -C tt , ^ - if tt TNearj SrlRLTV^So TFarJ fctt^Tatit^^aSg 
[ 0 0 3 2 ] 

B4tfi, f« 3 0 8. 9 3 5 J^-h^O*#Ef t#ftfclT*5 9, r * * * * a 
J ^15 6. 4 6 5 5 ^ - h;^*it5± 5, $*lt^5, ^ IT, r r TMi ^ - f 
tt . r F a rj S:lRfCV^5 0 

ft *3 , a. — if Tdi ameterj £ 51 iR lf:I^^ It, r N e a r J *3 «fc r F a r 20 

[ 0 0 3 3 ] 

(12) 

r<0«t3S$>flT#«36«tt, 0 « -f 5 J: 5 fc , a*««te»lt**«**#©«a[»#lcJ# 

-t-SS»»«^fl£fc«rfli;i-CV^ 0 ^LT, Ky^?ajBt««itt©jHi|II#«H:, 
«ft««fc:fctt«*«ft*fl^**£tt»-J-So fctf&o#as£t5J§ 

ft 5 o 

[ 0 0 3 4] 

ft *3 , HI t^tltii^ffl^'&t, ^-iffc«k5»iRfc&»«tRfc<&-«3H£JH*L 
-if ^5S^ u ft tt , «tt)<tV^«^q(&SrgWiWfca^i-5, H^of;^^-^ 40 

[ 0 0 3 5 ] 

HT> Ky^5Sje»ft^*tffcov^T,lll5^bigi2*ffiV^Tff»fcIftM^5o 

H5fc«i-Ky^9ajB»«ai*w-i o tt , xflcEfi irt*r«ft5««je«#i 2 cm 
f$^>^^) (D«ffiii^*sr»j^b, «*ti*iB«#^Bi*fcas-e** i b<o'e*)9, b » 1 

T , Udflow3-nyhiV^5o ) 1 3 £ # x 6 0 Ud f 1 o wa^y M 3li, »1 

SJ«*l 2fc«S»ML^fiotBfB»S« ( S * & ifc f 0 ) ottWJft^/ux^aflrs 
ii-^^^iS^fi^Si 5 i , * W S »E # l 2(-A*f$ft7t^^S^N 0 /^^^S'J^M*^^>5 

#*^ftfc@#^^3^^gfiL, a je « « fc & s « so ft m # 1 2^«5g^*^sij^-r^> 50 



(12) 
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ffi ft 58 SL ft * m ft ^ & 1 6 t , « $J ft £ft ft 1 2 (Dll^* <3 i> TlffeS L t 
[ft 9 # * fx ft ^ , SJUIftl 2©«it^Rtt#-C*fe5IiSifSi Lt^)-r>f 
=i V , CPU. MPU^cD^vt 0 ^. — ^ 1 7 i: N l 7^boffl^i4:^^ 

5Httfc**RTtttt*«*«18i:, * ft E * l lrtSrSEftSttSlftSEfti 2 <D * 51 Jig j£ m 
T?*5af«i:§i«l:ISt5l»MRR3E¥ai 9 t & * i" * 0 

[ 0 0 3 6 ] 

2 0^. ^^StSh7>'^v J ^-t2o ^JDi^i^sf f ^4^^ LT^jpifflryy 

2 i ^tt^o DDiffl/y7 p 2 i ii, mw<D&*m$im f 0 ^m^ft^^^^^ii-^^ 

SsS {Or nr *s 9 ) 2 St, r©*K»2 3A*6©««fll»S:Bfft(0«rlB|ini« (l/F 10 

r p f ) i: ^ ^ * m m ^ i- 5 3i ^ y * 2 4 (ji&i£F r p f ) ^i^xv^o * 

it, r^fS^^^STkSJniRJllTv:^ i ^&BfSoS*||ttft f o © /< /v * a « 

* » tt * » h 9 ^ ^ ^ a. — *9-2 0 — A * £ ft 3 0 
[ 0 0 3 7 ] 

if a h7y^^^-t 2 oil, ^^^«*ft*<oH3JDKJ:9i;*««*fo ^StS^ 

/I- * a* H * m M L t£ ft o T % fi * L fo ft 3 o a # ft )V * f* , «X.tf^;^B5mmi 
a -C ffi 3»S 9 Sr « t A> if ft? fc ft K it 14 tf> If - A "C fc 5 0 

SB * ft hyy^^^-t 2 O«2lg«»S:**aT*3 0, S^ft h7>x^a-f 2 0 3£ 

^ftoTV^So nt'SWftHi, tt SI ft SE # 1 2*l:-*l^*ii5«}a-CJbofc!0, 20 
7;^;^n^JS»*f w^-f^/vefcof:^ * fc ri «E »J ft ffi ft 1 2 ft # # ^ 

t° - y is * a* m ft £ A » -e fe s 0 

[ 0 0 3 8 ] 

S^8^7y^v?^f2 0^Sf5Sn^jSWS^=-«, RJttti'S' — 2 7 [c t § 
^^^^ft*ftfc^^#/u^3-«*as«a»*th«Ii]IS2 6 te A t> $ ft 5 o 

*a»#H-«ia»3 o k f± , ^s^r^^2 i ^fe©s*B8ft f o ^m^ff^a^v 5 ^ 

/Wfc£ftTA*£ft, Plfll*o)l»lti4»6 Ky^?S/7 hK»<3<8*otfttimL 

, I£j»ML^fi 5 IJ^i«o«S^*5rSffl ttv>-5 0 M ft ffi * <D ffi m ft * £r fg #4 ft a 30 

XKlEtSr t[aot, Sfi ft K W l l ©*HrIfc*3it5ita»*«:IHIt5r itf-e* 

[0 0 3 9 ] 

sx, *i»Bi:*4ot, ft e 1 

k & £p ^ * ft o * - T* , tt#tth9>-*5>3.— t20^fe«16Sh 

§itS^°/^(7)S*JISt f o » , ft E * 1 10«*KJtl/T*H»ai»*ttC 

r^jgft^il^^ft^^i 9 , mf*LfciPSfflT^y2 1 4: , ^ ©JlIfifflT >7 P 2 1 CO 40 

^^jasm^SKiSitTias^ft^itBt-r^^sjaft^^i^sasii:, r ^ 3§igjg 

RT*JS113 1K^«>3. — 1fas»*Lfc|SHrt ( « *. fi , 2 0 0 kHz~4MHz<Dji&S&: 

« m rt ) -e*«««Sf5r**1l3 l ^lbf^Sii:^^*Jl^»ffi«^ft^g3 2 £ , iffi ft ffi 
m 1 1 rtoaiillWd^RltShsaf »x3-S:S«t55Jt»i/^"-^2 7i, S ft 
Lfc«***3-«*«r*«#J:W«i*i-*ii««2 8 fc , * o i# S S 2 8 t? jf W £ ft fc 
®^^rc=r^>ft^(D3iS^ttfflUTlE«^^SW^3i*fflffi^S3 3i:, r <r> Rtttii&m 
ifflfa3 3l:t»HiShtElSJitR»lS (St K^^-ai) ^^^^^^St* 

[ 0 0 4 0] 

^(7)J:5{-«^cSft/cJ^^»iltR^ft^^l 9 tt , S*t&§S*ttW#S3 3, 50 
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£-£5ftigjii£?gfc£i£;£i-5o Hft*nfc«jijBtt«f±, »a«tt*^r**«3i^feo 

— U- 2 0^6«ffE«l 1 1*1 3£ £ ft 5 0 

*III«*©ttf »/^x*jBt» h5y^^a^f 2 0^b*fiSjx5O-e, # ft K 
jM»S/NJtt»*t5-i*"e*, SW*1?*5ttf»3:3-flttl:*i<iS5:j:# 

[ 0 0 4 1 ] 10 

ft S3 N ffl#«h7^^^a. — ^2 0^b^S£ft5^^&££fEfref ; l 1 ft ^ ^ A - X 

3£ S £ ii: £ . SfSh7y^> ? a-t2 0 tlftEf 1 1 fc © m tc I* , if y — :R <z> 8S 
[ 0 0 4 2 ] 

0 6 (A) KStiSt, it»f5V^y a -t20tEf 1 10*lt*flfc»Lft* 

K » ft f o ^e*ft^^^S:Alt*^:5fc, - go S * tt A* * He SO Ml M L _b <£> ft SO g 20 
SB # l 2i:-«i:d*t5RW#fcSoTS»L, 16 (B) \z. $ «f- j; 5 fc . S^Jgoizi 

r. - -e , 16 (b) t ss a «f * b w: , tt*ft^/u^Aitll<D»«-cs#t-*-«#*R*t3i 

^ ^ S h^^^i^^-^2 OT^Sflbfc^^ — ft * Sr 7 -< ^ * y *Qs S L , K v 7 =7 *s 
7 hft*r«ffl Lt«ti»MLKj&otiaft*S:ttj|t5 i % m 6 ( c ) J; 5 ^ £ 
ft 3 0 r ^ « j* 4> * f4 , Ud f 1 o w a n 5/ hi 3 ©I*S« i 1 6 "C SO ^ "t" 

S £ 4: ^ -e S S o 

[ 0 0 4 3 ] 30 

r £ "C rK^7'>7hSJ id, Ef 1 l 1 2 fi:fifft/^>^S:ftit 

t5t, iftff 1 2*|:a4J)5v^ll-i»#©K*# (^J^«:^ffl) CiotSW^t 

2©*J»*«»tt, Sft*S#^®tUT^^^t°^-^i 7 a 

b ti , rr-csEia#*iJ«*«:Etfi i©*i*fi&*»L, tt a £ ae # 1 2 (nmm&mr$ 

Sftt^ftKi^-eSS, ^^If ffS«a^ov>Tfi, BuSELfcS; (1) , S; (2) 

[ 0 0 4 4 ] 

ft ss , s (2) K^7*aif»ittfn o i* . » an * sk # 1 40 

2©jKJX(^SIB^*Sr»^F, Miff 5 Om s e c ~ 1 0 Oms e c U St <D j£ & 3S g. \Z. X # 

5ii:»-C*5. * « 56 * # 1 2liEf (Rf ) 1 1 \H <D ffiti X lb ^ X h , ?5 # ft * t£ IS 

* t n ft ^ , & <d m m # > <d mm • it ft a tsr^^g&^^sstsi 

iff l o fi, »je««^lit^**^W»#^B^ic**5 r i^s^f tt SS S #K 

o 

[ 0 0 4 5 ] 

(aiB^ttoffiiisnin 
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2mhz) it> 5 kH za^KaiwciiRS-ets t©-e*Sc 

eWSt^ffiffiJSiflKKtt. 2 5 0 m m ^ (D T ^ y /V IS W ~ «Bn*7 t >'l'.X#lS:S#>i&* 
, KOXf yi/^J(Oi^{8^gf ah7V^^a-t 2 OS:Bft5o ^tt, S * 

m & m it o 

[ 0 0 4 6 ] 

(13 7 ) 

jB»«^ffiffiSa*lfe^«,^'7 i >'^^*l^!iff^9. 5 ^ y ^ — h JV , 11. 5 ; ^ 
- h JV , 13. 0 ^ y ^ - F;KDHiI^fflt Ifco St, its h^V^^a-t 2 0 
36»fe***ixSjH**©ai*JBI**tt, 0. 2 5kHz, 0. 5kHz^J:^lMHzcD 

Rlt»*"C*5o H7^. SWtt^aiB 0. 25kHz 0. 5kHz 

l/2fflP, 3/2«Ofl«»ttIt*LTV^5c 

SI 7 36* fe J* , Witf 1MH z(Z)jitfftS:lJlL"CitS h^^^^a-t 2 0 & >E 1" 5 
» , ^ x > ux^oSH^^iJ^^^^T. £*HS!K$:)Kl9 l 0 kH z CRJltSi:, 

[ 0 0 4 7 ] 

(SI 8 ) 

^ J¥ 9 . 55J^-h^, rtgl505!l^ - h;KO«#*C i 5I*Ef 4:1 1 1 
9iaotSt$f7y^^^-t2 0^&«IiftfiX*HSft f o ^9 1 0kHz t 

t£ Z> X o \zl VL 5E U , »SlJ^iiiE#^«fE3S^*SrJaiJ5£bfco B 8 tt , t (DlS^RtS bixfc 

&mfeffifc<nmmftif*<Dt\-m&H, m *e » ** «■ s * * *t » a> ?> ^ « « ( o 6 o ^ y 
a* a it -e o fc 4?> , mmfeffitt i 2 ^n^t usttiKDif ^^n^< ^ot, 

6 0 - 1 5 0 ^ y y - Wke> «5 B £ ttc * U X , itttW^A — Xftsjijft8K3g^^jftjH ( 
HtO) Sr # fc o 

r<©^Ji&aiEa[d**j|»o*»b. ¥^*5S^^S:«*BaWi irt-e*»t5:iic±ot, 

3t # SE « l lft£«ft5l£a'J;£«#l 20#fLS£flf*J;<. **(H«|l:tllttS - 1: 

as -c * % o 

[ 0 0 4 8 ] 

t r. 5 *T? , r. <D m \~ *3 T , 0^1505!)^ - h^vcD^ff^ov^TgKiS^^^ — RJfr 
fL-C^^^tti^^itSt^tl^ f 7 5 > y ^ - rcfr^j <D ^ £ f? W 

— o<D»*»*fc:|8^T, tttfcWRit, * fc 5fc # * St £ # * £r 

[ 0 0 4 9 ] 

(El 9 ) 

iiSill-l 0 Ai: Bto 
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sftffiawi i rtteAM + 5«»«'<'i'*^*a««*£«s^*ftto y> sfts^s/ 
4: it, at # k * 1 i *f -t- 5 « » « o <D?&L*) ttv ftm&miktsit z> 

iitfifcto-CfcSo 1" ft to , ttt« h?^^i?a-t 2 0©AltA*atri»B 
II, «ftEf 1 1 <0**{cit^i-«jBiftt©A«t*««r a « A*tAW«E 

[ 0 0 5 0 ] 

A*ffiiSS^^S4 Of*, i#Ef l l lc*tu-C^«ll^b*OftrtA*«r««SaEi: b 

a «:MilK£ RTiift AM A Ktftttl* 4 l t , ^ & » £ * *i fc Alt ft <o 

mm 5-4 si) ft -e , AitAtjftai4 1 friffs*sMtA«<BC¥a 

[ 0 0 5 1 ] 20 

r (dawaisis^#^4 of*. A<tAXififli«4 lt-ioT^ffffiwi i zm^ 

^«5H"C3E^*ii:Srfc^-e$s o A ft tt , H9fciTBI*-rSJ:3fc:* A It A S & 
*4 H^fflA^5ffl*llf iaoT^7 7t°>'^ ; t-^4 6^Ii^f , * <£> * *r y 



©IgK#Lt*t»aia*4:tC5tl4A*k IT, AttAISSf£j£^i£4 0 ^ T 



ft is . ftuiliUfcA*f^PSl^^#S4 0^a^. + fc to . m^&<D Alt flft^ift^ * 

s £fc pT -c fo 5 o 

£: r iW»LfcAJttawttR;£^«4 0tt. Rl D< DtaifcJIRRlSSS^a 1 9 

©ftfcO (cSlt§ t tfc^ % ^^^4 0, 1 9 Ira^^bttii^) ^ it, S 



fiUfc<<ft5:fc;£ftas;fc5 0 ^ j; 5 ft « \c f* , A*tA£*r/h£<K5eL. ^ if i& 



in 5 & n 9 \z. *5 ^ r * b fc k ^ zf 9 a n # & tc a w- 1 0 , 1 0 a n , is«mli:r# 

Lfcais^ife-efcs^b, ai m m u l © m. & m * -t r. t # a a je t a w- it , m & » * sr w 

L £ , li^ol»fc»LAlB«#(St5iiti:, % ft: BE * 1 l J; 

[ 0 0 5 5 ] 50 



[ 0 0 5 2 ] 



[ 0 0 5 3 ] 



[ 0 0 5 4 ] 
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sr. £ * i i ft*mtiz>ffi.mmmfa\ 2 © % ti & . **** w ©i^t^s* fa a « e 

cogljxvr, v 8 ^tat^SttSi, vx>>vr=vetfct>, S: If 8!l fi SS Si -ft 

[ft 3 ] 

- V • ^fL^ {yx(r • ft* . t) I 'sin «}• r • rfr ( 3 ) 

«*t5r iistt 5o r <£> it ^ jg l 8 f± , Ift n £ # l 2</)Ef 1 1 rt «l ^ a& m 

[ 0 0 5 6 ] 

mi o h m i 2 i^^t K^y7sstsitit i oBii, wimfeffifc i 2 <d m ti & m 

Gf 1 n:»Lt¥fft^^l^, #1 x « St flc E « 1 lrt^jteleI^as£DT^5J:5ft» 

-e *> o -c t . IE m ft m m , stsrimtsr t#-e#a i sttsfcft^feo-cft*. 

« *. HT , 12 1 l(-*5V^T^i-3SS^^ h^V3fi, ifft ft: IE « l 1 t»Ut¥1rttt4^o 
iO*«^<? h/i'VafciSilflirf BJL±5 fcUfciti. i" * fc> % , r<Djg«-<^h 

/u v 3 ^ ■» otaE^tv^s^sicsts^^it t, ^^M^ft^jH-^^-^s^fth^^ 

X =. — t 2 0 (D^^SflL^i: t So t5i, 3i * ^< ^ h^V3fi, «E E V 1 1 
Ut^fffta*^^ F^V 1 t LtIBiShTLSt\ Hl^^^iSJ: 5 fc * £ < ft o T L 

* 5 c 20 
[ 0 0 5 7 ] 

Iz^if ft h^y^v^a-f 2 0 afi, h/>V 2, V 4 . V5&$:£>Z>^htf 

f J S o t* , 3£ S ^ h;uv 1 i©Bfli^b, * 5fc 5g ft ^ h/uV3£»ttJ-?#5 0 

[ 0 0 5 8 ] 

ft S3 , 11 2 *3 ^ T * r ©j|Jfi»J8^ffi5jl*iS h 7^^^a-tOfS^OV^KW 30 

Lti^o i-ftfc*,, h ?y^i>a-f 2 ofcitfiZ^S^ig N 7 v^i^ 

a-t20at, j entb7V^> ? a-f20 ) 2 0 a 4: tt J* S f 5 f7^^^ 

— h^V*^*— -fr2 0 ft X V m - F7>^^a-t2 0 a t 5 j@f S^'/U^ ^ 

F7^^v ; = -t 2 0, 2 0 a fc tt , -tft-pjftKWftU'S' — »«2 7, 2 7 a t , 3i ft ^ ^ 
h ^ »m # & 4 7, 4 7 a H^libtlTfc^ «t i$ ^ h ;V tH # S 4 8 # j£ ft -< * h 
/V g ffl i£ 4 7 , 4 7 a^*^^T»ad$jxSa«-<^ h /KD -< * h fd ^ , * ft ft 

[ 0 0 5 9 ] 40 

01 o t> h m i 2^^^K^^ p 7^;® j g 1 ft«*tfi oBnun, * ai s st # 1 2 <o st 

, IE fit ft #K 31 . jtitJUiitS: t»-C*5o 

ft *3 , *-©jBf ft h7^^^a-f 2 OftiV*-©fitS h7y^^a-f 2 0 a Sr 

-at Lfcro Ky^jajBtftSEil+l OBSr. ft SB W 1 l<&*JB*l*M£*Sffi11S 
-arrm^^^iirixfi, J; i9 IE ft £K S . fflt 5 r t 5 C 

[ 0 0 6 0 ] 

[ SI 93 <£> g& * ] 
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# fto 

® <o ffi ¥ ft U W ] 



m t&i& mom m x $> z> * 
3 ^fa - * =. ? ^mti & nftmrn* ^-i-Mx- & z . 
^ ^ ¥ — ? <d ~ ? ^ m ti $ n ttm m & -t m x* &> z> * 

* * JB « © ^ — K5'x7i***t8T'fc5. 

a w & © ^ ® s « ^ #j & ^ -r 0 -c- & 3 0 
0] mit&'giztt ^x^frxtite^^mft*^? h/w^*Lfcia-rfc5 0 

1] a*«h9>^i?=.-*«:*«l*|ilfc*«cfll*.-C, ffi fate's l^tt \^X ¥■ ft X \-i 
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